Product Index 


OPA27 
•.•.....•••••....••••••......•..... 2.8 
OPA37 
••.................•...........•... 
2.8 


OPAn 
2.74 


OPA111 
......•................••...... 
2.23 


OPA121 
2.26 
OPA124 
2.29 
OPA128 
.......................••..•... 
2.37 
OPA129 
2.46 
OPA130/2130/4130 
2.53 
OPA131/2131/4131 
2.60 
OPA 132/2132/4132 
2.67 
OPA177 
2.74 
OPA23412234/4234 
2.82 
OPA237/2237/4237 
2.84 
OPA404 
..•............................ 
2.86 
OPA445 
3.2.29 
OPA501 
........•........••........• 
3.2.35 
OPA502 
......•..•.................. 
3.2.41 
OPA512 
3.2.51 
OPA541 
3.2.57 
OPA544 
......•....•.•..........••.. 
3.2.65 
OPA547/548 
•.....••......••.••... 3.2.73 
OPA602 
2.89 
OPA603 
...................•.•.••...... 
2.92 
OPA604 
2.96 
OPA606 
..•......•...........•••..... 
2.108 
OPA620 
.....•..•.••.•••.•........•.. 2.111 
OPA621 
2.127 
OPA622 
..•.......................... 
2.143 
OPA623 
....................•........ 
2.147 
OPA627 
2.150 
OPA628 
2.163 
OPA633 
.............••.....•••••... 3.2.75 
OPA637 
.....•....................... 
2.150 
OPA640 
2.178 
OPA641 
...••..••.••.......•••......• 2.191 
OPA642 
..........•••.......••....... 
2.204 
OPA643 
•.••••...••.••..•.••••.••....2.219 
OPA644 
................••........... 
2.232 
OPA646 
2.245 
OPA648 
••...••••......•.•..........• 2.258 
OPA650 
2.269 
OPA651 
....•.••....•.•..••••••...... 2.280 
OPA654 
2.291 
OPA655 
........••................... 
2.299 
OPA658 
2.313 
OPA660 
........•.........•.......... 
2.326 
OPA671 
...•.......•...•.•••.•••.•... 2.329 
OPA675 
2.332 


OPA676 
....••••..................... 
2.332 
OPA678 
..•.........••••..•••........ 2.336 
OPA10 
3 ............•...•....•••••• 2.340 
OPA2107 
....................••••... 
2.343 
OPA2111 
•.......................... 
2.346 
OPA2541 
.•...•.•••...•....•....... 3.2.83 
OPA2544 
3.2.91 
OPA2604 
....•.•••.....••••..•.•••••2.349 
OPA2650 
2.361 
OPA2658 
..••...•••................. 2.373 
OPA2662 
.•................•.......• 
2.386 
OPA4650 
•.••••••••................. 2.391 
OPA4658 
..••.•....•••••.•••........ 2.403 
OPT101 ....••••..•..•.••.•.••.•.......... 6.4 
OPT202 ......•.....•.....•......••..... 
6.15 
OPT209 •............................... 
6.24 
OPT210 .............................••. 
6.28 
OPT211 ...............••••....•.•••.•.. 6.36 
OPT301 ..•••••....•.......•.••......... 6.45 


PCM54 
8.2.40" 


PCMSS 
8.2.40" 


PCMS6 
8.2.43" 


PCM61 
8.2.S2" 


PCM63 
8.2.S6" 


PCM67/69 
8.2.66" 


PCM78 
8.1.4" 


PCM1700 
8.2.78" 


PCM1702 
8.2.83" 


PCM1710 
8.2.91" 


PCMI712 
8.2.108" 


PCM171S 
8.2.124" 


PCMI717 
8.2.133" 


PCMI718 
8.2.146" 


PCM1721 
8.2.1S7' 


PCM17S0 
8.1.7" 


PCMI760 
8.1.2S" 


PGA102 
................•.......•.... 
4.185 
PGA103 
•.••••........••......••••.•• 4.189 
PGA202 
•.••••••..•.••••••....••••••.4.196 
PGA203 
4.196 
PGA204 
4.206 
PGA205 
.....................••...... 
4.206 
PGA206 
4.220 
PGA207 
••••••••....•.••••........... 4.220 
PWS725 ...............••.....•.••••• 5.255 
PWS726 ...................••.•...••. 
5.255 
PWS740 
5.257 
PWS745 
5.260 
PWS750 
5.263 


RCV420 .....••....................... 
4.230 
REF01 •••••••......•...................... 
8.4 
REF02 ................................•• 
8.10 
REF102 .............................•.. 
8.17 
REF200 ....••........••................ 
8.26 
REF1004 ..........................••.. 
8.34 
REG1117 
8.41 
REG5601 
8.48 
REG5608 
..•...••....••............... 
8.51 


SDMS06 
2.438" 


SDMS07 
2.438" 


SDMSI6 
2.441" 


SDMSI7 
2.441" 


SDM862 
2.444" 


SDM863 
2.444" 


SDM872 
2.444" 


SDM873 
2.444" 


SHC76 
6.4" 


SHC298 
6.9" 


SHC60S 
6.17' 


SHC615 
7.36 


SHC702 
2.S4" 


SHC803 
6.S1" 


SHC804 
6.S1" 


SHCS320 
6.SS" 


UAF42 
7.55 
VCA610 
2.417 


VFC32 
7.4" 


VFC100 
7.7' 


VFCll0 
7.10" 


VFCI21 
7.13" 


VFC320 
7.1S" 


XTR101 •..••.....................••.. 
4.240 
XTR103 
4.255 
XTR104 
4.265 


XTR110 ..•••......•.......••....•.... 4.276 
XTR501 
4.285 
0804MC ..••••..............•...... 
3.2.100 
100MS ...••.......••.............•.... 
5.266 
722 ......••............................. 
5.268 
724 
5.273 


3583 ........................••...... 
3.2.101 


3584 
3.2.106 
3650 
5.278 
3652 
5.278 
3656 
5.290 
4127 
7.61 


For information 
on any of these products 
or to receive the Burr-Brown 
Mixed Signal Products Ie Data Book, call 
our automated 
literature 
request 
line at 1-520-741-3884, 
or contact 
your local sales representative. 


How to Use This Book 


If you know the 
MODEL NUMBER, 


If you know the 
PRODUCT TYPE, 


If you want 
NEW MODELS, 


If you want TAPE 
& REEL, 


Use the Model Index on the 
INSIDE FRONT COVER. 


Use the TABBED TABLE OF CONTENTS, 
or use the SELECTION 
GUIDE TABLES at 
the front of each tabbed section. 


Use the Model Index on the INSIDE FRONT 
COVER or the SELECTION 
GUIDE 
TABLES at the front of each tabbed section. All 
new models contained in this edition are shown 
in boldface. Also, contact your local Burr- 
Brown representative for information on new 
models released since publication of this data 
book. 


Contact your local Burr-Brown office or sales 
representative. See the sales office listing at the 
back of the book. 


See TAPE & REEL INFORMATION, 
Appendix B, or contact your local Burr-Brown 
representative. 
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1 Burr-Brown Corporation 


About Burr-Brown 
•• 
zo 


~ 
products reach over 25,000 OEM customers world- a: 
wide. Sales aredivided evenly throughout the world, 0 
with approximately one-third from the United States a. 
market, one-third from Europe, and the remainder 
a: 
from Japan and the South East Asian region. 
8 


Burr-Brown employs over 1,900 people worldwide 
Z 
with manufacturing and technical facilities in Tuc- 3: 
son, Arizona; Atsugi, Japan; and Livingston, Scot- 0 
land. Located in Tucson, Arizona, corporate head- a: 
quarters also includes an integrated circuit wafer 
m 
I 
fab, assembly and test operations. Burr-Brown was a: 
incorporated in Arizona in 1956; stock is traded on a: 
NASDAQ under the symbol, BBRC. 
~m 


Corporate Profile 


Burr-Brown Corporation designs, manufactures, 
and markets a broad line of high-performance, 
standard analog and mixed signal integrated cir- 
cuits used in the processing of electronic signals. 
Our products are used in a wide range of markets 
and applications, including industrial and process 
control, test and measurement, medical and scien- 
tific instrumentation, medical imaging, digital au- 
dio and video, telecommunications, personal com- 
puters, and multimedia. 


Our product strategy is to design proprietary cir- 
cuits that yield maximum functional value in our 
customers' 
applications. Many of the products, 


although produced in standard configurations, are 
strategically designed, specified, and tested to posi- 
tion them for targeted applications such as audio 
signal processing or sensor-specific signal condi- 
tioning. 


Burr-Brown's products include: operational ampli- 
fiers, instrumentation 
amplifiers, programmable 
gain amplifiers, isolation amplifiers, DCIDC con- 
verters, voltage references and regulators, voltage- 
to-frequency converters, optoelectronic amplifiers, 
analog-to-digital converters, digital-to-analog con- 
verters, and "application specific" standard prod- 
ucts. Our products are manufactured using a variety 
of wafer fabrication processes that include bipolar, 
complementary bipolar, BiCMOS and CMOS with 
lithography requirements down to the 0.6 micron 
level. 


We sell our products worldwide through our direct 
sales force, independent sales representatives, and 
third-party distributors. Burr-Brown has six direct 
sales offices in the United States and international 
sales subsidiaries in France, Germany, Italy, Japan, 
the Netherlands, Switzerland, and the United King- 
dom. Through direct sales and distributors, our 
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Burr-Brown Receives 
IS09001 Certification in U.S. and Europe 


In September 1993, Burr-Brown Corporation re- 
ceived IS09001 certification in the United States 
and Europe, simultaneously. In the United States, 
registration is recognized through the TUV Product 
Service Quality Registrar by the Registration Ac- 
creditation Board (RAB). Certification is accepted 
through the Electronics Industries Quality Regis- 
trar by the Dutch Registration Board (RCV) in 
Europe. 


IS09001 is the international standard for assessing 
the quality systems of companies that design, manu- 
facture, and test products. Adopted by 91 member 
countries, it's the international quality standard for 
manufacturing, trade, and communications indus- 
tries. Certification indicates that a formal quality 
system exists for all processes and that these pro- 
cesses are audited on a timely basis. 


Applications 
Library 


Applications Bulletins and Design Software 


APPLICATIONS 
LIBRARY 


The following 
applications 
information 
is available 
from 
Burr- 
Brown 
at no charge. 


Call 1-800-548-6132 
to order. 


APPLICATIONS 
BULLETINS 


Increasing 
INAl17 
Differential 
Input Range 
AB-001 


Make a Precision 
Current 
Source 
or Current 
Sink 
AB-002 


Voltage-Reference 
Filters 
AB-003 


Make a Precision 
-10V 
Reference 
AB-004 


Make a Precision 
±10V 
Reference 
AB-005 


Make a -10V 
to +10V Adjustable 
Precision 


Voltage 
Source 
AB-006 


Classical 
Op Amp or Current-Feedback 
Op Amp? This 


Composite 
Op Amp Gives you the Best 


of Both Worlds 
AB-007 


AC Coupling 
Instrumentation 
and Difference 
Amplifiers 
AB-008 


Single-Supply 
Operation 
of Isolation 
Amplifiers 
AB-009 


±200V 
Difference 
Amplifier 
with Common-mode 
Voltage 
Monitor 
AB-010 


Low Power 
Supply 
Voltage 
Operation 
of 
REF102 
10V Precision 
Voltage 
Reference 
AB-011 


Boost 
IS0120 
Bandwidth 
to More Than 
100kHz 
AB-012 


Increasing 
ADC6031nput 
Range 
AB-013 


Input Overload 
Protection 
for the RCV420 


4-20mA 
Current-loop 
Receiver 
AB-014 


Extending 
the Common-mode 
Range 
of 
Difference 
Amplifiers 
AB-015 


Boost Amplifier 
Output 
Swing With Simple 
Modification 
AB-016 


0-20mA 
Receiver 
Using the RCV420 
AB-018 


Using the ADS7800 
12-Bit ADC with Unipolar 
Input Signals 
AB-019 


Operational 
Amplifier 
and Instrumentation 
Amplifier 
Macromodels 
AB-020 


Synchronization 
of IS0120/lS0121 
Isolation Amplifiers 
AB-021 


Fast Settling 
Low-Pass 
Filter 
AB-022 


Simple 
Output 
Filter Eliminates 
ISO Amp 
Output 
Ripple and Keeps 
Full Bandwidth 
AB-023 


Analog 
Isolation 
with Power 
AB-024 


Boost 
Instrumentation 
Amp CMR with Common-Mode 
Driven Supplies 
AB-025 


A Low Noise, 
Low Distortion 
Design 
for 
Anti-Aliasing 
and Anti-Imaging 
Filters 
AB-026 


High Speed 
Data Conversion 
AB-027 


Feedback 
Plots Define 
Op Amp AC Performance 
AB-028 


Input Filtering 
the INAl17 
±200V 
Difference 
Amplifier 
AB-029 


Thermal 
and Electrical 
Properties 
of Selected 
Packaging 
Materials 
AB-030 


4-20mA 
to 0-20mA 
Converter 
and Current 
Summing 
.... AB-031 


IC Building 
Blocks 
Form Complete 
Isolated 
4-20mA 
Current-Loop 
Systems 
AB-032 


Single-Supply, 
Low-Power 
Measurements 
of Bridge 
Networks 
AB-033 


MFB Low-Pass 
Filter Design 
Program 
AB-034 


Filter Design 
Program 
for the UAF42 
Universal 
Active 
Filter 
AB-035 


Diode-Based 
Temperature 
Measurement 
AB-036 


Mounting 
Consideration 
for TO-3 
Package 
AB-037 


Heat Sinking-TO-3 
Thermal 
Model 
AB-038 


Power Amplifier 
Stress 
and Power 
Handling 
Limitations 
AB-039 


Frequency-to-Voltage 
Conversion 
AB-040 


Single 
Supply 
4-20mA 
Current 
Loop Receiver 
AB-041 


Programmable-Gain 
Instrumentation 
Amplifiers 
AB-042 


Use Low-Impedance 
Bridges 
on 4-20mA 
Current 
Loops 
AB-043 


Improved 
Device 
Noise 
Performance 
for the 
3650 Isolation 
Amplifier 
AB-044 


Op Amp Performance 
Analysis 
AB-045 


Operational 
Amplifier 
Macromodels: 
A Comparison 
AB-046 


Noise Sources 
in Applications 
Using Capacitive 
Coupled 
Isolated 
Amplifiers 
AB-047 


The ACF2101 
Used as a Bipolar 
Switched 
Integrator 
.. AB-048 


The MPC100 
Analog 
Multiplexer 
Improves 
RF 
Signal 
Distribution 
AB-049 


Compensate 
Transimpedance 
Amplifiers 
Intuitively 
AB-050 


Double 
the Output 
Current 
to a Load with the 
Dual OPA2604 
Audio 
Op Amp 
AB-051 


OPA660 
Drives 
Magnetic 
Recording 
Head 
AB-052 


Improved 
Noise 
Performance 
of the ACF21 01 
Switched 
Integrator 
AB-053 


Clamping 
Amplifiers 
Track 
Power 
Supplies 
AB-054 


Precision 
IA Swings 
Rail-to-Rail 
on Single 5V Supply 
AB-056 


Comparison 
of Noise 
Performance 
Between 
a FET Transimpedance 
Amplifier 
and a Switched 
Integrator 
AB-057 


Simple 
Filter Turns 
Square 
Waves 
into Sine Waves 
.. AB-058 


MTIF, 
Failrate, 
Reliability 
and Life Testing 
AB-059 


Careful 
Layout Tames 
Sample-Hold 
Pedestal 
Errors 
AB-060 


OPT201 
Photodiode-Amplifier 
Rejects 
Ambient 
Light 
AB-061 


Digitally 
Programmable, 
Time-Continuous 
Active 
Filter 
AB-062 


Voltage-to-Frequency 
Converters 
Offer Useful 
Options 
in AID Conversion 
AB-066 


Dynamic 
Tests for AJD Converter 
Performance 
AB-072 


Photodiode 
Monitoring 
with Op Amps 
AB-075 
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Applications 
Library 


Applications Bulletins and Design Software 


Design 
and Application 
of Transformer-Coupled 
Hybrid 


Isolation 
Amplifier 
Model 3656 
AB-078 


The Key to Understanding 
Sources 
of Error in the 
IS0100 
Isolation 
Amplifier. 
AB-079 


Hybrid Isolation Amps Zap Prices and Voltage 
Barriers .. AB-080 


DC-te-DC 
Converters 
AB-081 


Principles 
of Data Acquisition 
and Conversion 
AB-082 


10MHz Analog 
Multiplier 
Carries 
Output 
Amp Breaks 
Bandwidth 
Barrier 
AB-083 


Analog-to-Digital 
Converter 
Gounding 
Practices 
Effect System 
Performance 
AB-084 


Simple 
Circuit 
Delivers 
38Vp-p 
at 5A from 28V 
Unipolar 
Supply 
AB-085 


Switch 
Gains Accurately 
with the INA120 
AB-086 


Level Shifting 
Signals 
with Differential 
Amplifiers 
AB-087 


Improved 
Voltage 
Filter has Several 
Advantages 
AB-088 


A Clarification 
of Use High-Speed 
S/H to Improve 
Sampling 
ADC Performance 
AB-089 


Feedback 
Circuit 
Clamps 
Precisely 
AB-090 


Voltage-Feedback 
Amps vs Current-Feedback 
Amps: 


Bandwidth 
& Distortion 
Considerations 
AB-091 


SWOP 
Amplifiers 
Simplify 
RF Signal 
Processing 
AB-092 


Isolation 
Amps 
Hike Accuracy 
and Reliability 
AB-093 


Tame 
Photodiodes 
with Operational 
Amplifier 
Bootstrap 
AB-094 


Tips for Using the ADS78xx 
Family 
of ND 
Converters 
AB-095 


Build A Three 
Phase 
Sine Wave 
Generator 
With 


the UAF42 
AB-096 


DDC101 
Evaluation 
Fixture 
PC Interface 
Board 
AB-097 


Selecting 
an ND Converter 
AB-098 


An Easy Solution 
to Current 
Limiting 
an Op Amp 
AB-099 


Multiplexer 
Data Acquisition 
System 
AB-100 


Combining 
and Amplifier 
with the BUF634 
AB-101 


Output 
Spectrum 
and Post-LPF 
Design 
of the 
PCM 171 0 
AB-102 


VOltage-to-Frequency 
Converters 
Offer Useful 
Options 
In ND Conversion 
AB-130 


An Error Analysis 
of the IS0102 
in Small Signal 
Measuring 
AB-161 
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DC/DC 
Converter 
Noise 
Reduction 
AB-16_ 


Partial 
Discharge 
Testing 
AB-163 


Implementation 
and Applications 
of Current 
Sources 
and Current 
Receivers 
AB-165 


Coding 
Schemes 
Used with Data Converters 
AB-175 


Exchanging 
Files on the Customer 
Service 
Electronic 
Bulletin 
Board 
AB-176 


CDAC 
Architecture 
Plus Resistor 
Divider 
Gives 
ADC574 
Pinout with Sampling, 
Low-Power, 
New 
Input Ranges 
AB-178 


Video 
Operational 
Amplifiers 
AB-179 


Ultra High-Speed 
ICs 
AB-180 


Diamond 
Transistor 
OPA660 
AB-181 


New Ultra High-Speed 
Circuit 
Techniques 
with Analog 
ICs 
AB-183 


Driving 
Video Output 
Stages 
with Monolithic 
Integrated 
Amps 
AB-184 


Automatic 
Gain Control 
(AGC) 
Using the Diamond 
Transistor 
OPA660 
AB-185 


Current 
or Voltage 
Feedback: 
The Choice 
Is Yours 
with the New, Flexible, 
Wide-Band 
Operational 
Amplifier 
OPA622 
AB-186 


External 
Open-Loop 
Gain Adjustment: 
Check 
It Out 
with the Demo 
Boards 
for the OPA623 
and OPA622 
. AB-187 


Building 
a 400MHz 
Wide-Band 
Differential 
Amp: 
It's 
a Breeze 
with the Diamond 
Transistor 
OPA660 
AB-188 


Macromodels 
for RF Operational 
Amplifiers 
are a 
Powerful 
Design 
Tool 
AB-189 


Designing 
Active 
Filters With The Diamond 
Transistor 
OPA660 
AB-190 


There's 
a World 
of Line Drivers to Choose 
From 
AB-191 


Fiber Optic Transmission 
AB-192 


The Current-Feedback 
Operational 
Amplifier: 
A High 
Speed 
Building 
Block 
AB-193 


Intermodulation 
Distortion 
(IMD) 
AB-194 


DESIGN 
SOFTWARE 


FilterPro 
Disk 
AB/E-034, 
035 


Spice 
Disk 
AB/E-020 


Sales and Service 


ABOUT THIS BOOK 
To keep with the easy-to-use format we estab- 
lished last year, the Burr-Brown Integrated Cir- 
cuits Data Books for 1996/97 will be similar to the 
1995 books. Both the Linear Products and Mixed 
Signal Products books are available free from 
your local salesperson or representative-see 
Sales 
Office Listings 
at back of book-Qr 
by calling 
our literature request line at 1-800-548-6132 (US 
or Canada). Order both, or just the one that fits 
your needs. 


How to Use This Book 
Burr-Brown product numbers are listed in the 
Selection Trees and Tables at the beginning of 
each tabbed section. With these tools you can 
quickly compare specs among different products 
and choose the best part for your design. Products 
appearing in boldface type are new products in- 
troduced by Burr-Brown since publication of the 
1995 data books. 
Data sheets are arranged alphanumeric ally by 
product type, so if you know the name of the part 
you can find it quickly. Or, use the Product Index 
on the inside front 
cover, or page numbers as 
listed in the Selection Guide trees and tables. 


CUSTOMER 
SERVICE 
Burr-Brown is committed to providing the best 
customer service in the industry-whether 
it be a 
need for additional technical literature, technical 
assistance, to place an order, or to return products. 
For immediate assistance with any problem or 
inquiry, contact your local Burr-Brown salesper- 
son or representative. See Sales Office Listings at 
back of book. 
Direct factory assistance is available by calling 
the following number: 1-800-548-6132 
(US or 
Canada; 7:00am to 5:00pm MST). 


Technical Literature or 
Applications Assistance 
In addition to individual data sheets, Burr-Brown 
also provides 
its customers 
with applications 
bulletins, promotional 
samples, comprehensive 
brochures 
featuring 
many product 
types, 
and 
applications assistance by calling 1-800-548-6132 
(US or Canada). 


Internet 
Burr-Brown information is now available on the 
Internet via the World Wide Web. Customers 
with Internet access can visit our home page at 
http://www.burr-brown.comlto 
obtain on-line 
data sheets and corporate information any time of 
the day, any day of the year. 


FAX Line 
Burr-Brown's FAXLine 
is available for custom- 
ers to request product literature. Call 1-800-548- 
6133 (USA/Canada Only) to receive a Document 
Catalog, complete with FAXLine 
literature order 
numbers. Up to three pieces of literature may be 
requested per call. 


Prices and Quotations 
Price quotations 
made by Burr-Brown 
or its 
authorized field sales representatives are valid for 
30 days. Delivery quotations are subject to recon- 
fmnation at the time of order placement. Please 
call your local sales representative or distributor 
(see list at the back of this book). 


Placing Orders 
You can place orders via telephone, FAX, or mail 
with 
any authorized 
Burr-Brown 
field 
sales 
office, sales representative, or authorized distribu- 
tors. See Sales Office Listings at back of book for 
the office nearest you. 
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Sales and Service 


Returns and Warranty Service 


When returning products for any reason, contact 
Burr-Brown prior to shipping for authorization 
and shipping instructions. For complete instruc- 
tions, contact your local salesperson or represen- 
tative. Customers outside the USA should call the 
nearest sales office for details and information- 
see International 
Sales Office Listing at back of 
book. 
To return product, please call for your Return 
Material Authorization (RMA) number. Ship units 
prepaid and supply the original purchase order 
number and date, along with an explanation for 
the return. Upon receipt of the returned devices, 
Burr-Brown will verify and inform you of the 
warranty status, cost to repair or replace, credits, 
and status of replacements where applicable. 


• 
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Z Operational Amplifiers 


The following selection guides include new prod- 
ucts which combine exceptional performance with 
monolithic IC reliability and economy. Many of 
these products feature new package options for a 
maximum in design flexibility. The newest in 
package design, the SOT23-5, gives designers the 
same great Burr-Brown quality and precision in a 
size that economizes valuable board space. 


The following highlights some of our newest de- 
velopments: 


OPA130 Series-Low-power 
FET-input op amps 
that combine precision dc performance with low 
quiescent current (530lJA, per amplifier). Avail- 
able in single, dual, and quad configurations. 


OPA131 Series-A 
family of single, dual and 
quad op amps that offer excellent overall perfor- 
mance for general purpose applications. Design 
features include 4MHz bandwidth and lOV/J.lS 
slew rate, yet quiescent current is only 1.5mA per 
amplifier. 


OPA132 
Series-High 
speed, precision, 
FET- 
input op amps that feature 8MHz GBW, and 
excellent dc performance at low cost. They are 
available in single, dual, and quad versions for 
maximum design flexibility. 


OPA234 
Series-A 
new line of single supply 
general purpose op amps that combine low offset 
voltage, high common-mode rejection, and wide 
supply range to provide excellent accuracy and 
versatility. 


OPA650, 
OPA2650, 
OPA4560-A 
family of 
single, dual, and quad wideband voltage feedback 
amplifiers featuring low power, unity gain stable 
bandwidth up to 560MHz, fast l2-bit settling, and 
low differential gain/phase errors-ideal 
for medi- 
cal equipment and telecommunications 
applica- 
tions. OPA650 is available in SOT23-5 package. 
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OPA651-A 
low-power, wideband voltage feed- 
back op amp that is decompensated for stability in 
gains of 2 or greater. It features 940MHz GB~ 
and low 50mW power dissipation, and is aVailabl~ 
in 8-pin DIP, SO-8, and S0T23-5 packages. 
CJ) 
OPA6SS-A 
new SpeedPLUS op amp that com- a: 
bines a wideband unity gain stable voltage feed- 
W 
back op amp with a FET-input stage to offer an 
u::: 
ultra high dynamic range amplifier for ADC buff- :J 
ering and transimpedance applications. Available a. 
in 8-pin plastic DIP, or SO-8 surface mount pack- :i 
ages. 
.J 
OPA6S8-An 
ultra-wideband 
(900MHz), 
low 
<C 
power current feedback op amp featuring high 
Z 
slew rate, and low differential gain/phase error. Its 0 
±5V power supply requirement makes it an excel- 
!ci 
lent choice for portable applications. It is available a: 
in 8-pin DIP, 8-lead SOIC, and SOT23-5 pack- 
Wa. 
~. 
0 
Spice macromodels are available for many of our 
products. By using a simulation program with 
integrated circuit emphasis (SPICE), designers can 
simulate amplifier behavior to show circuit func- 
tion and performance over a wide range of condi- 
tions and signals. 


Power operational amplifiers and buffers are de- 
scribed in Section 3, instrumentation amplifiers in 
Section 4, and isolation amplifiers in Section 5. 


Operational 
Amplifiers 


DPA237 
(2.7V) 
DPA2237 (2.7V, Du,l) 
DPM237 
(2.7V, Qu,d) 


DPA234 
(2.7V) 
DPA2234 (2.7V, Dual) 


DPA4234 (2.7V, Duad) 


OPA1013 (4V,Oual) 


OPA177 
(0.1 pVlOC) 


OPA77 
(0.3pVrC) 
OPA27 
(0.6pvrC) 


OPA37 
(0.6pVrC) 


OPA627 
(0.8pVrC) 


OPA637 
(0.8pVrC) 


OPA111 
(lpVrC) 


OPA602 
(2pVrC) 
OPA124 
(2pVrC) 


OPA1013 (2.5pVrC, 
Dual) 


OPA2111 (2.8pVrC, 
Dual) 


DPA234 
(3pVrCI 
DPA2234 (3pVrC, 
Dual) 


DPA4234 (3pVrC, 
Quad) 


OPA128 
(7SfA) 


OPA129 
(lODfA) 
OPA111 
(lpA) 


OPA124 
(lpA) 


OPA602 
(1pAl 


OPA2111 (4pA, Dual) 
OPA404 
(4pA, Quad) 


OPA121 
(SpA) 


OPA627 
(SpA) 
OPA637 
(SpA) 


OPA2107 (SpA, Dual) 


OPA606 
(10pA) 
DPAl30 
(21lpA) 


DPA213D (2DpA, Dual) 


DPA413D (2DpA, Quad) 


DPA131 
(50pA) 


OPA654 
(SOpA) 
OPA671 
(SOpA) 


OPA2131 (50pA, Dual) 


OPA4131 (50pA, Quad) 
DPA132 
(50pA) 


DPA2132 (50pA, Dual) 
DPA4132 (50pA, Quad) 


DPA655 
(100pA) 


BipolAR 
INPUT 
OPA27 
(3.8nVNHzj 


OPA37 
(3.8nVNHz) 


OPA77 
(11nVl.JHz) 


FEr INPUT 
OPA627 
(6nVNHz) 


OPA637 
(6nVl-/@ 


DPA655 
(6nVNHZ) 
DPA132 
(8nVNHZ) 


DPA2132 (8nVNHZ) 


DPA4132 (8nVNHZ) 
OPA124 
(8nVl.JHz) 


OPA2111 (8nVl.JHz, Dual) 
OPA111 
(8nVl.JHz) 


OPA2107 (8nVl.JHz, Dual) 


(Single) 


(Single) 
(Single) 


(Single) 


(Single) 


OPA77 
(Single) 
OPA2131 (Dual) 


OPA2604 (Dual) 
OPA4131 (Quad) 


GBWP • > 400MHz 


OPA643 
(SR = 1000Vlps) 


OPA621 
(SR. 
3S0Vlpsi 


OPA67S 
(SR = 350Vlps) 


OPA676 
(SR = 350Vlps) 


OPA6S1 
(SR = 300Vlps) 


GBWP • < 4DOMHz 


OPA654 
(SR = 750Vlps) 


OPA641 
(SR = 650Vlps) 


OPA678 
(SR. 
350Vlps) 
OPA637 
(SR = 100Vlps) 


GBWP. 
> 200MHz 


OPA622 
(SR = 1600Vlps') 


OPA642 
(SR = 380Vlps) 


OPA640 
(SR = 35OV/ps) 
DPA655 
(SR. 
21DVtpl, FEl) 


OPA646 
(SR = 180Vlps) 


OPA620 
(SR = 17SVlps) 


GBWP • < 200MHz 


OPA628 
(SR = 310Vlps) 


OPA6S0 
(SR = 240Vlps) 
OPA2650 (SR = 240Vlps, Dual) 


OPA46S0 (SR = 240Vlps, Quad) 


OPA671 
(SR .100Vlps) 


OPA67S 


OPA676 
OPA678 


VCA610 
OPA660 
(Transconductance) 


OPA2662 (Transconductance, 
Dual) 


OPA6S8 
(680MHz) 


OPA648 
(600MHz) 
OPA26S8 (SOOMHz,Dual) 


OPA46S8 (450MHz, Quad) 


OPA644 
(300MHz) 


OPA623 
(290M Hz) 
OPA603 
(l60MHz) 


DUAL 
OPA1013 (Precision, Low Orift, Single Supply) 


OPA2107 (Precision, Low Bias Current) 


OPA2111 (Precision, Low Noise) 
OPA2131 (Precision, Low Bias Current) 


DPA2132 (Slnglo Supply) 
DPA2234 (Slnglo Supply) 
DPA2237 (Slng/. 
Supply) 
OPA2604 
(Precision, 
low 
Bias Current) 


OPA2650 (High Speed, VFB) 


OPA26S8 (High Speed, CFB) 


OPA2662 (Transconductance) 


QUAD 
OPA404 
(Precision, Low Bias Current) 


OPA4131 (Precision, Low Bias Current) 
DPA4234 (Slnglo Supply) 
DPM237 
(Slng/. Supply) 


OPA46S0 (High Speed, VFB) 


OPA46S8 (High Speed, CFB) 


° DENOTES 
TYPICAL 


BOLD 
DENOTES 
NEW 
PRODUCT 


BOLD, ITALIC DENOTES 
PRODUCT IN DEVELOPMENT 
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" 
PRECISION 


Noise 
ml 
Offset 
Bles 
Vollege 
Offset 
Open 
Reted 
Rated 
Vollege 
Current 
at 
Vollege 
Loop 
Vollege 
Current 
z 
Drift 
25"C 
10kHz 
25"C 
Gain 
Outpull') 
Output 
. 


tl:l 
max 
max 
max 
max 
mln 
mln 
mln 


;:: 
Product 
(±INrC) 
(pA) 
(nVNHZ) 
(±my) 
(dB) 
(±V) 
(±mA) 
Description 
~ 
AD515 
15 
±75fA 
NS 
1 
88 
10 
10 
FET, Still Available 
tl:l 
OPA27 
0.6 
±40nA 
3.8 
0.025 
120 
12 
16.7 
Bipolar 
Cl 
OPA37 
0.6 
±40nA 
3.8 
0.025 
120 
12 
16.7 
Bipolar 
~ 
OPA77 
0.3 
±2nA 
11 
0.025 
134 
12 
12 
Bipolar 
;:s•...• 
OPA103 
2 
±1 
25' 
0.25 
100 
10 
5 
FET, Still Available 
~ 
(J 
OPA104 
10 
±75fA 
35' 
0.5 
100 
10 
5 
FET, Still Available 
tl 
OPA111 
1 
±1 
8 
0.25 
120 
11 
5.5 
FET 
~ 
l:l 
i:i 
OPA121 
10 
±5 
6' 
2 
110 
11 
5.5 
Low Cost 
::::: 


tl:l 
OPA124 
2 
±1 
6' 
0.25 
120 
11 
5.5 
FET 
~ 
<:> 
OPA128 
FET, Ultra-Low, Bias Current 
c.) 


<:> 
5 
±75fA 
15' 
0.5 
110 
10 
5 
S- 
f 
OPA129 
10 
±100fA 
15' 
2 
94 
10 
6 
FET, Ultra-Low, Bias Current 
51 
OPA130 
10 
±20 
16 
1 
120 
12 
18' 
FET, Low Power 
CD 
t""< 
..• 
S· 
OPA131 
10 
±50 
15' 
1 
94 
12 
25' 
FET 
~ 
<'I> 
OPA132 
10 
50 
8 
0.5 
120 
12.5 
40 
FET, High Speed 
~. 
l:l., 
OPA177 
0.1 
1.5nA 
10' 
0.025 
134 
12 
12 
Bipolar 
'1:l 
Cl 
OPA234 
3 
-20nA 
25(') 
0.1 
110 
+141-14.5 
22' 
Single Supply Amp 
Qll- 
l:l. 
OPA404 
3' 
±4 
12' 
0.75 
92 
11.5 
5 
FET, Quad 
""-A. 
;:: 
OPA602 
2 
±1 
12' 
0.25 
92 
11.5 
15 
Wideband, (5MHz, min) 
c.:. 
<'l 
!:;" 
OPA606 
5 
±10 
13 
0.5 
100 
12 
5 
Wideband, (9MHz, min) 
~ 
OPA627 
0.8 
±5 
6 
0.1 
112 
11.5 
45' 
FET 
-r;"' 
- - ~. * 


OPA637 
0.8 
±5 
6 
0.1 
112 
11.5 
45' 
FET 
~ 
OPA654 
40' 
±50 
14' 
3 
94' 
11 
200' 
Wideband, (750V/llS, slew rate) 
""-A. 


OPA655 
10 
100 
6' 
2 
53 
2.5 
25 
FET 
~ 
OPA671 
10' 
±50 
12' 
5.0 
74 
10.5 
50 
FET 
- 
OPA1013 
2.5 
30nA 
NS 
0.3 
120 
12 
6.5 
Low Power, Dual Single Supply Operation 
5i 
OPA2111 
2.8 
±3 
8 
0.5 
114 
10 
5 
FET, Dual 
~ 


OPA2107 
5 
±5 
8' 
0.5 
84 
11 
5.5 
FET, Dual 
§» 


OPA2130 
10 
±20 
16 
1 
120 
12 
18' 
FET, Low Power, Dual 
~--.;;. 


OPA2131 
10 
±50 
15' 
1 
94 
12 
25' 
FET, Dual 
OPA2132 
10 
50 
8 
0.5 
120 
12.5 
40 
FET, High Speed, Dual 


• DENOTES TYPICAL 
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~ 
Some specifications 
have been estimated 
for comparison 


v" 
purposes. Refer to data sheets for guaranteed 
specifications. 


OPERATIONAL 
AMPLIFIERS I 


!'l 
~ 


Noise 
Offset 
Bias 
Voltage 
Offset 
Open 
Rated 
Rated 
Voltage 
Current 
at 
Voltage 
Loop 
Voltage 
Current 
Drift 
25°C 
10kHz 
25°C 
Gain 
OutpU!(2) 
Output 
max 
max 
max 
max 
mln 
mln 
mln 
Product 
(±l!VI"C) 
(pA) 
(nVl"Hz) 
(±mV) 
(dB) 
(±V) 
(±mA) 


OPA2234 
3 
-20nA 
25(1) 
0.1 
110 
+14/-14.5 
22' 
OPA4130 
10 
±20 
16 
1 
120 
12 
18 
OPA4131 
10 
±50 
15' 
1 
94 
12 
25' 


OPA4132 
10 
±SO 
8 
0.5 
120 
12.5 
40' 
OPA4234 
3 
-20nA 
25(') 
0.1 
110 
+14/-14.5 
22' 
3507 
30' 
±250 
NS 
10 
77 
10 
10 
3527 
2 
±2 
25' 
0.25 
100 
10 
10 
3528 
5 
±15OfA 
40' 
0.25 
92 
10 
5 


NOTE:(t) TypicalNoiseVoltageat 1kH2(nVl-IHZ).(2)For±15Vsupplies. 


Description 


Single Supply Amp, Dual 
FET, Low Power, Quad 
FET, Quad 
FET, High Speed, Quad 
Single Supply Amp, Quad 
FET, Still Available 
FET, Still Available 
FET, Still Available 


Single 
Quiescent 
Bias 
Small 
Offset 
Supply 
Current 
Current 
Signal 
Voltage 
Range 
max 
25°C 
Unity Gain 
25°C 
mln to max 
(mA, 
max 
typ 
max 
Temp 
Product 
(V) 
per amp) 
(nA) 
(kHz) 
(±l!V) 
Range(') 
Pkg 
Description 


OPA234 
2.7 to 36 
0.3 
-20 
350 
100 
Xlnd 
DIP, 50-8, 
MSOP-8 
Single, Bipolar 
OPA237 
2.7 to 36 
0.35 
±40 
1.5MHz 
250 
Xlnd 
SOT-23-5 
Single, Bipolar 
OPA1013 
4 to 36 
0.55 
-30 
750 
300 
Com/lnd 
DIP 
Dual, Bipolar 
OPA2234 
2.7 to 36 
0.3 
-20 
350 
100 
Xlnd 
DIP, 50-8 
Dual, Bipolar 
OPA2237 
2.7 to 36 
0.35 
±40 
1.5MHz 
250 
Xlnd 
MSOP-B 
Dual, Bipolar 
OPA4234 
2.7 to 36 
0.3 
-20 
350 
100 
Xlnd 
DIP, 50-14 
Quad, Bipolar 
OPA4237 
2.7 to 36 
0.35 
±40 
1.5MHz 
250 
Xlnd 
SSOP-16 
Quad, Bipolar 


NOTE:(1)Com= O'Cto 70'C, Ind= -25'C to 85'C, Xlnd= -40'C to 85'C. 
I 
• 


• DENOTESTYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


Offset 
Offset 
Voltage 
Voltage 
25°C 
Drift 
max 
max 
Product 
(±mV) 
(±!1Vf'C) 


OPA27 
0.025 
0.6 
OPA37 
0.025 
0.6 
OPA77 
0.025 
0.3 
OPA130 
1.0 
10 
OPA131 
1.0 
10 
OPA132 
0.5 
10 
OPA177 
0.01 
0.1 
OPA604 
5.0 
a" 
OPA2130 
1.0 
10 
OPA2131 
1.0 
10 
OPA2132 
0.5 
10 
OPA2604 
5.0 
a" 
OPA4130 
1.0 
10 
OPA4131 
1.0 
10.00 
OPA4132 
0.5 
10 


NOTE: (1) Gain Bandwidth at Gain = 5VN. (2) Gain = 100. 


Bias 
Current 
25°C 
max 
(nA) 


40 
40 
2 
25pA 
50pA 
50pA 
1.5 
50pA 
25pA 
50pA 
50pA 
0.1 
25pA 
50pA 
50pA 


Small 
Signal 
Unity Gain 
mln 
(MHz) 


5 
a0(1) 


0.4 
1 
4" 
8 
0.4 


20"(2) 


1 
4" 
8 


20"(2) 
1 
4" 
8 


Power 
Supply 
Range 
(V) 


±4.0to ±22 
±4.0to ±22 
±3.0to ±1a 
:12.5to ±18 
±4.5to ±1a 
:12.5to ±18 
±3.0to ±1a 
±4.5to ±24 
:12.5to ±18 
±4.5to ±1a 
:12.5to ±18 
±4.5to ±24 
:12.5to ±18 
±4.5to ±1a 
:12.5to±18 


Quiescent 
Current, 
max 
(mA) 


4.7 
4.7 
2.0 
0.65 
1.75 
4.8 
2.0 
6.0 
0.65 
3.5 
4.8 
12 
0.65 
7.0 
4.8 


Description 


Bipolar 
Bipolar 
Bipolar 
FET, Low Power 
FET 
FET, High Speed 


Bipolar 
FET, Low Distortion (0.0003%) 
FET, Low Power, Dual 
FET, Dual 
FET, High Speed, Dual 
FET, Dual, Low Distortion (0.0003%) 
FET, Low Power, Quad 
FET, Quad 
FET, High Speed, Quad 


Some 
specifications 
have been estimated 
for comparison 
purposes. 
Refer to data sheets 
for guaranteed 
specifications. 
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Product 


OPA620 
OPA621 
OPA622 
OPA628 
OPA640 
OPA641 
OPA642 
OPA643 
OPA646 
OPA650 
OPA651 
OPA654 
OPA655 
OPA671 
OPA675 
OPA676 
OPA678 
OPA2650 
OPA4650 


Small Signal 
at Specified 
Gain 
typ 
(MHz) 


300, G = 1 
500, G =2 
250, G = 1 
160, G= 1 
1.3GHz, G = 1 


800, G = 2 
450, G = 1 
300, G =5 
650, G = 1 
560, G = 1 
470, G = 2 
11,G=1 
4OO,G= 1 
33,G= 
1 
l00,G=2 
100,G=2 
200, G = 1 
360, G = 1 
360, G = 1 


Slew Rate 
mln 
(VilJa) 


175 
350 
1600- 
310- 
350- 
650- 
380- 
1000- 
180- 


240 
300 
750- 


210 
107- 
240 
240 
250 
240 
240 


settling 
Time 
to±O,l% 
(na) 
13 
15 
17 
20 
18 
13 
11.5 
16.5 
11.5 
10.2 
11.5 
150 
8 
150 
15 
15 
22 
11 
10.3 


Rated 
Voltage 
Output 
mln 
(±V) 
3 
3 
3 
3 
2.25 
2.6 
3.0 
3.0 
2.5 
2.4 
2.4 
11 
2.8 
10.5 
2.1 
2.1 
2.5 
2.4 
2.2 


Rated 
Current 
Output 
mln 
(±mA) 


50 
50 
70- 


30 
25 
25 
50 
50 
30 
+75/-65 


45 
200- 


35 
50- 


30 
30 
44 
+75/-65 
+75/-65 


Deacrlptlon 


Low Noise 2.3nVl\ffk, 
Wideband 
Low Noise 2.3nVNHz, Wideband, G = 2 minimum 
High Slew Rate 
Low Distortion, Low Noise 2.5nVlvHz 
Vottage Feedback, Low Noise 2.9nVNHz 
Vottage Feedback, Low Noise 2.8nVlvHz, G = 2 minimum 
Voltage Feedback, Low Distortion, Low Noise 2.3nVlvHz 
Voltage Feedback, Low Distortion, G = 5 minimum, Low Noise 1.8nVNHz 
Voltage Feedback, Low Power 
Low Power 
Voltage Feedback, Low Power, G = 2 minimum 
FET, External Compensation 
FET, Wldeband, Low Dlatortlon 
FET 
Very Fast Settling Switched Input, G = 2 minimum 
Very Fast Settling Switched Input, G = 2 minimum 
Very Fast Settling Switched Input 
Dual 
Quad 


- DENOTES 
TYPICAL 


BOLD 
DENOTES 
NEW PRODUCT 


BOLD, rrAUC 
DENOTES PRODUCT 
IN DEVELOPMENT 


I 


HIGH SPEED· 
CURRENT FEEDBACK 


Small Signal 
Rated 
Rated 
ml 
Bandwidth 
settling 
Voltage 
Current 
forG=+2VN 
Slew Rete 
time, 
Output 
Output 


• 
typ 
typ 
to:!1l.1% 
mln 
mln 


I:l:I 
Product 
(MHz) 
(V/~) 
(ns) 
(±V) 
(±mA) 
Description 
I: 
OPA603 
160 
1000 
50 
10 
15 
~ 
OPA623 
290 
2100 
9 
3.0 
70 
Flexible Operation, High Slew Rate 
I:l:I 
OPA644 
300 
2500 
16.5 
3.0 
50 
High Slew Rate 
<3~ 
OPA648 
600 
1200 
9 
2.75 
33 
Video Amplifier, Fast Settling 
;:s 
OPA658 
680 
1700 
11.5 
2.5 
+801430 
low Power 
(::; 
OPA2658 
500 
1700 
12.6 
2.5 
+80/--£0 
Dual 
Q 
~.... 
tl 
OPA4658 
450 
1700 
15.1 
2.5 
+80/--£0 
Quad 
~ 
l:l 
l:l 
:::: 


I:l:I 
~ 
c 
SPECIAL PURPOSE 


CoO) 
c 
cs- 
T 
Offset 
Offset 
Bias 
Small 
Rated 
Rated 
:= 
Voltage 
Voltage 
Current 
Signal 
Voltage 
Current 
CI> 
t'-< 
25°C 
Drift 
250C 
Bandwidth 
Output 
Output 
.... 
S· 
max 
max 
max 
typ 
mln 
mln 
~ 
'" 
~. 
l:l 
Product 
(±mV) 
(±j.lVIOC) 
lIJA) 
(MHz) 
(±V) 
(±mA) 
Description 
., 


"'tl 
OPA660 
+1' 
50' 
NS 
850 
3.7 
10 
Transconductance Amp and Buffer 


<3 
OPA675 
1 
5 
30 
185,G=10 
2.1 
30 
Two-Channel, G = 2 minimum, TIl 
Controlled 
~- 
~ 
OPA676 
1 
5 
30 
185,G=10 
2.1 
30 
Two-Channel, G = 2 minimum, ECl Controlled 
.•.•. 


C) 
OPA678 
1 
10 
50 
200, G = 1 
2.5 
30 
Two-Channel, TIl 
& ECl Controlled 
~ 
0;- 


OPA2662 
75 
12' 
NS 
370 
3.4 
75 
Transconductance Amp, Dual 
VCA610 
NS 
NS 
6' 
30, G =4OdB 
3.0' 
80' 
Voltage Controlled Gain 
~ 
~..•.•. 
~- 
~ 
:JSi, 
§l 
~-- 


• DENOTES 
TYPICAL 


BOLD 
DENOTES 
NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT 
IN DEVELOPMENT 


Some 
specifications 
have been estimated 
for comparison 


OPERATIONAL 
AMPLlFIE~~I"'-·'~~- 


BURR - BROWN® 
IElElI 
OPA27 
OPA37 


Ultra-Low 
Noise Precision 
OPERATIONAL 
AMPLIFIERS 


FEATURES 


• 
LOW NOISE: 3.8nVlitiZ" max at 1kHz 


• 
LOW OFFSET: 
25J.lVmax 


• 
LOW DRIFT: O.6J.lVrC 


• 
HIGH OPEN-LOOP 
GAIN: 120dB min 


• 
HIGH COMMON·MODE 
REJECTION: 


114dB min 


• 
HIGH POWER SUPPLY 
REJECTION: 
100dB min 


• 
FITS OP-07, OP-05, AD510, AD517 
SOCKETS 


The OPA27/37 
is an ultra-low 
noise, high precision 
monolithic 
operational 
amplifier. 


Laser-trimmed 
thin-film 
resistors 
provide 
excellent 


long-term 
voltage offset stability 
and allow superior 
voltage offset compared 
to common 
zener-zap 
tech- 
niques. 


A unique bias current cancellation 
circuit allows bias 
and offset current specifications 
to be met over the full 
-55°C 
to +125°C temperature 
range. 


The OPA27 is internally 
compensated 
for unity-gain 
stability. The decompensated 
OPA37 requires a closed- 


loop gain 2': 5. 


The Burr-Brown 
OPA27/37 
is an improved 
replace- 
ment for the industry-standard 
OP-27/0P-37. 


• 
PRECISION 
INSTRUMENTATION 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
PROFESSIONAL 
AUDIO EQUIPMENT 


• 
TRANSDUCER 
AMPLIFIER 


• 
RADIATION 
HARD EQUIPMENT 


8 
Trim 


1 


Trim 


BURR - SROWNe 
llalal 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


I OPA27~7A,OPA27~7E 
I 
OPA27~7B.OPA27~7F 
OPA27~7C.OPA27~7G 
(f) 


PARAMETER 
CONDITIONS 
I 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
j:::: 


INPUT 
N 


NOISE(61 
~ 
Voltage, fa = 10Hz 
3.1 
5.5 
3.5 
5.5 
3.8 
8.0 
nVNHz 


fa = 30Hz 
2.9 
4.5 
3.1 
4.5 
3.3 
5.6 
nVlVHz 
0 
fa = 1kHz 
2.7 
3.8 
3.0 
3.8 
3.2 
4.5 
nVlVHz 


fe=0.lHzt010Hz 
0.07 
0.18 
0.08 
0.18 
0.09 
0.25 
ItVp-p 
Current,(1) fa = 10Hz 
1.7 
4.0 
1.7 
4.0 
1.7 
pAlVHz 


fo= 30Hz 
1.0 
2.3 
1.0 
2.3 
1.0 
pAlVHz 


fa = 1kHz 
0.4 
0.6 
0.4 
0.6 
0.4 
0.6 
pAlVHz 


OFFSET VOLTAGE 
(2) 
en 


Input Offset Voltage 
±6 
±25 
±12 
±60 
±25 
±1oo 
ItV 
~ 
Average Drift (3) 
TAMIN 
to TAMAX 
±O.2 
±O.6 
±O.3 
±1.3 
±O.4 
±1.8(6) 
Itvrc 
W 
Long Term Stability 
(4) 
0.2 
1 
0.3 
1.5 
0.4 
2.0 
ItVlmo 
u: 
Supply Rejection 
±Vcc=4t018V 
100 
134 
100 
125 
94 
120 
dB 
±Vcc= 4 to 18V 
±O.2 
±10 
±0.6 
±10 
±1 
±20 
ItVN 
~ 
BIAS CURRENT 
a. 


Input Bias Current 
±11 
±40 
±13 
±55 
±15 
±80 
nA 
== 
OFFSET CURRENT 
< 
Input Offset Current 
6 
35 
8 
50 
10 
75 
nA 
...I 


IMPEDANCE 
< 
Common-Mode 
3112.5 
2.5112.5 
2112.5 
GnllpF 
Z 
VOLTAGE 
RANGE 
0 
Common-Mode 
Input Range 
±11 
±12.3 
±11 
±12.3 
±11 
±12.3 
V 
~ 
Common-Mode 
Rejection 
V'N=±l1VDC 
114 
128 
106 
125 
100 
122 
dB 


OPEN·LOOP 
GAIN, DC 
~ 


Open-Loop 
Voltage Gain 
R,~2kn 
120 
126 
120 
125 
117 
124 
dB 
W 
R,~1kn 
118 
125 
118 
125 
124 
dB 
a. 


FREQUENCY 
RESPONSE 
0 


Gain-Bandwidth 
Product (5) 
OPA27 
5 
8 
5 
8 
5{6) 
8 
MHz 
OPA37 
45 
63 
45 
63 
45(61 
63 
MHz 
Slew Rate (5) 
Vo=±10V, 


R,= 
2kn 
OPA27, G =+1 
1.7 
1.9 
1.7 
1.9 
1.7(6) 
1.9 
Vllts 
OPA37, G = +5 
11 
11.9 
11 
11.9 
11 (61 
11.9 
Vllts 
Settling Time, 0.01 % 
OPA27, G = +1 
25 
25 
25 
its 
OPA37, G =+5 
25 
25 
25 
itS 


RATED OUTPUT 


Voltage Output 
R,~2kn 
±12 
±13.8 
±12 
±13.8 
±12 
±13.8 
V 
R,~6oon 
±10 
±12.8 
±10 
±12.8 
±10 
±12.8 
V 
Output Resistance 
DC, Open Loop 
70 
70 
70 
n 
Short Circuit Current 
R,=OO 
25 
80 
25 
80 
25 
80(6) 
mA 


POWER SUPPLY 


Rated Voltage 
±15 
±15 
±15 
VDC 
Voltage Range, 
Derated Performance 
±4 
±22 
±4 
±22 
±4 
±22 
VDC 
Current, Quiescent 
10= OmADC 
3 
4.7 
3 
4.7 
3.3 
5.7 
mA 


TEMPERATURE 
RANGE 


Specification 
A, B, C (J, Z) 
-55 
+125 
-55 
+125 
-55 
+125 
·C 
E, F(J, Z) 
-25 
+85 
-25 
+85 
OC 
G (P, U, J, Z) 
-40 
+85 
·C 
Operating 
J,Z 
-55 
+125 
-55 
+125 
-55 
+125 
OC 
P, U 
-40 
+85 
OC 


NOTES: (1) Measured with industry-standard 
noise test circuit (Figures 1 and 2). Due to errors introduced by this method, these current noise specifications 
should 
be used for comparison 
purposes only. (2) Offset voltage specifications 
on grades A and E are also guaranteed with units fully warmed up. Grades S, C, F, and G are 
measured with automatic test equipment after approximately 
0.5 seconds from power turn-on. (3) Unnulled or nulled with 8kn to 20kn potentiometer. 
(4) Long-term 
voltage offset vs time trend line does not include warm-up drift. (5) Typical specification 
only on plastic package units. Slew rate varies on all units due to differing test 
methods. 
Minimum 
specification 
applies 
to open-loop 
test. 
(6) This 
parameter 
guaranteed 
by design. 


BURR-BROWNe 
11031031 
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OPA27n7A,OPA27n7E 
I 
OPA27n7B,OPA27n7F 
I 
OPA27n7C,OPA27n7G 


PARAMETER 
CONDmONS 
MIN 
TYP 
I MAX 
I 
MIN 
I 
TYP 
MAX 
I 
MIN 
I 
TYP 
I 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specification 
Range 
A, B, C (J, Z) 
-55 
+125 
-55 
+125 
-55 
+125 
·C 
E, F(J,Z) 
-25 
+85 
-25 
+85 
·C 


G (P, U, J, Z) 
-40 
+85 
"e 


INPUT 


OFFSET VOLTAGE 
11) 


Input Offset Voltage 
A,B,C 
±24 
±OO 
±45 
±200 
±OO 
±300 
~V 


E, F,G 
±17 
±SO 
±33 
±140 
±48 
±220 (3) 
~V 


Average Drift (2) 
TAM1N toTAMAX 
±O.2 
±O.6 
±0.3 
±1.3 
±0.4 
±1.8(3) 
~V1·C 
Supply Rejection 
A,B,C 
±Vcc=4.5t018V 
96 
130 
94 
127 
86 
122 
dB 
E, F,G 
±Vcc = 4.5 to 18V 
97 
130 
96 
127 
90 (3) 
122 
dB 


BIAS CURRENT 
Input Bias Current 
A,B,C 
±16 
±OO 
±22 
±95 
±29 
±150 
nA 


E, F, G 
±13 
±OO 
±16 
±95 
±21 
±150(3) 
nA 


OFFSET CURRENT 
Input Offset Current 
A,B,C 
23 
50 
25 
85 
35 
135 
nA 


E,F,G 
12 
50 
14 
85 
20 
135(3) 
nA 


VOLTAGE 
RANGE 
Common-Mode 
Input Range 
A,B,C 
±10.3 
±11.5 
±10.3 
±11.5 
±10.3 
±11.5 
V 


E,F,G 
±10.5 
±11.8 
±10.5 
±11.8 
±10.5(3) 
±11.8 
V 


Common·Mode 
Rejection 
V'N=±11VDC 
A,B,C 
108 
124 
100 
122 
94 
120 
dB 
E,F,G 
110 
126 
102 
124 
96(3) 
122 
dB 


OPEN-LOOP 
GAIN, DC 


Open-Loop 
Voltage Gain 
Rl~2kn 


A,B,C 
116 
121 
114 
120 
110 
118 
dB 
E, F,G 
118 
123 
117 
122 
113(3) 
120 
dB 


RATED OUTPUT 


Vollage Output 
Rl =2kn 
A,B,C 
±11.5 
±13.7 
±11.0 
±13.5 
±10.5 
±13.3 
V 


E, F, G 
±11.7 
±13.8 
±11.4 
±13.6 
±11.0(3) 
±13.4 
V 


Short Circuit Current 
Vo= 
OVDC 
25 
25 
25 
mA 


NOTES: (1) Offset voltage specifications 
on grades A and E are also guaranteed with the units fUlly warmed up. Grades 5, C, F, and G are measured with automatic 


test equipment after approximately 
0.55 from power tum-on. (2) Unnulled or nulled with 8k!l to 20kO potentiometer. 
(3) This parameter guaranteed by design in P~DIP, 


"PO package and SOIC "U" package. 


Supply Vollage 
. 
. 
Internal Power Dissipation 
(1) 


Input Voltage 
. 


Output Short-Circuit 
Duration 
(2) 


Differential 
Input Voltage 
(3) 


Differential 
Input Current 
(3) 
• 


Storage Temperature 
Range: 
J, Z 
. 


P, U . 
. 
. 


Operating Temperature 
Range: 


A, B, C, E, F, G (J, Z) 
G (P, U) 
Lead Temperature: 
J, Z, P (soldering, 
1Os) 
U (soldering, 
35) 


. 
±22V 


..... 500mW 


. 
±Vcc 


Indefinite 


......... ±0.7V 
...... ±25mA 


PACKAGE 
TYPE 
9J• 
UNITS 


TO-99 (J) 
150 
"CIW 
S-Pin Hermetic DIP (Z) 
150 
"CIW 
8-Pin Plastic DIP (P) 
100 
"e1W 
8-Pin SOIC (U) 
160 
°CIW 


NOTES: (1) Maximum package power dissipation vs ambient temperature. 
(2) To 


common with ±Vcc = 15V. (3) The inputs are protected 
by back-to-back 
diodes. 


Current limiting resistors are not used in order to achieve low noise. If differential 
input vottage exceeds ±O.7V, the input current should be limited to 25mA. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be enUrely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
,E:lE:I, 


TEMPERATURE 
OFFSET VOLTAGE 
MODEL(') 
PACKAGE 
RANGE (OC) 
MAX (~V), 25°C 


OPA27AJ 
TO-99 
-55 to +125 
±25 
OPA27BJ 
TO-99 
-55 to +125 
±60 
OPA27CJ 
TO-99 
-55 to +125 
±100 
OPA27EJ 
TO-99 
-25 to +85 
±25 
OPA27FJ 
TO-99 
-25 to +85 
±60 
OPA27GJ 
TO-99 
--40 to +85 
±100 
OPA27AZ. 
Ceramic 
-55 to +125 
±25 
OPA27BZ 
Ceramic 
-55 to +125 
±60 
OPA27CZ 
Ceramic 
-55 to +125 
±100 
OPA27EZ 
Ceramic 
-25 to +85 
±25 
OPA27FZ 
Ceramic 
-25 to +85 
±60 
OPA27GZ 
Ceramic 
--40 to +85 
±100 
OPA27GP 
Plastic 
--40 to +85 
±100 
OPA27GU(2) 
SOIC 
--40 to +85 
±100 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(l) 


OPA27AJ 
TO-99 
001 
OPA27BJ 
TO-99 
001 
OPA27CJ 
TO-99 
001 
OPA27EJ 
TO-99 
001 
OPA27FJ 
TO-99 
001 
OPA27GJ 
TO-99 
001 
OPA27AZ. 
Ceramic 
001 
OPA27BZ 
Ceramic 
161 
OPA27CZ 
Ceramic 
161 
OPA27DZ 
Ceramic 
161 
OPA27EZ 
Ceramic 
161 
OPA27FZ 
Ceramic 
161 
OPA27GZ 
Ceramic 
161 
OPA27GP 
Plastic 
006 
OPA27GU 
SOIC 
182 


BURR-BROWNe 
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Products 


Scope 
xl 
R'N = 1MO 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products 
IEilEilI 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Offset Trim 
5 
No Pad 
2 
-In 
6 
Output 
3 
+In 
7 
+Vcc 
4 
-Vcc 
e 
Offset Trim 
NC 
No Connection 


MILS (0.001 ") 
MILLIMETERS 


Die Size 
99 x 61 t5 
2.51 x 1.55 to.13 
Die Thickness 
20t3 
0.51 to.oe 
Min. Pad Size 
4x4 
0.10 x 0.10 


OPA27 
Transistor 
Count 
47 
OPA37 
Transistor 
Count 
42 
Backing 
Gold 


BURR-BROWNillI 
IEilEilI 
Burr-Brown Ie Data Book-Linear 
Products 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES 


INPUT OFFSET VOLTAGE WARM-UP DRIFT 


+10 


:> 
20 
+5 
.. 
C> 
c:.. 
'" 
().. 
0 
C> 
~ 
> 


~ 
-5 


TO-99 


-10 
0 
2 
3 
4 
5 
6 


TIme From Power Tum-0n 
(min) 


4 


~ 
3 
~ 
ill 
"0z.. 
C> 
~ 
> 


I I I 
I I I 


A, E at 10Hz 


I I 


A, Eat1kH 


:5 
:10 
:15 


Supply Voltage (Vcc) 


+20rl]I~~l~~I;~IIII~~~ 


:> 
~E 


2:+10 
.. 
C> 
~ 
() 
+25'C 
+70'C 
T. = +25'C to T. = +70'C 
j 
0 
Fluid Bath 


g 
a;8 -10 


o 
+1 
+2 
+3 
+4 


Time From Thermal Shock (min) 


100 
90 
90 


~ 


40 


:> 
20 
Eo 
~ 
10 
z 
8 
.. 
6 
C> 
j)J 
4 
0> 


~ 
R, 


RSOURCE 
= 2 X R1 
A,E 
.-" 


10Hz 


1kHzr :.- 
Resistor 
Noise Onty 
----r 
I 


~ 
4 
~ 
ill 
3 
"0z.. 
C> 
j)J 
0 
2 
> 


1 


-75 
-SO 
-25 
0 
+25 
+SO 
+75 
+100 
+125 


Ambient 
Temperature 
(OC) 


BURR-BROWNe 
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TYPICAL PERFORMANCE CURVES (CONT) 


INPUT CURRENT NOISE SPECTRAL DENSITY 
10 
10 
8 
6 
4 
~ 


8 
~:<: 
2 
:> 
.s 
.s 6 
~ 
1 
~ 
·0 
·0 
z 0.8 
z 
4 
E 0.6 
., 


C> 
~ 0.4 
S 
" 
(; 
() 
Warning: 
This industry·standard 
equation 
> 
2 
0.2 
is inaccurate 
and these figures 
should 
be used for comparison 
purposes 
only! 
0.1 
0 
10 
100 
1k 
10k 


Frequency (Hz) 


140 


120 


co 
100 
~ 
" 
80 
.iij 
Cl., 
60 
C>~ 
0> 
40 


20 


..... 


OPA37 


OPA27- 


50 


0 
40 


-45 "' 
30 
., 
co 
l!! 
~ 
-90 
5l' 
" 
20 
~ 
.iij 
i!: 
Cl 


-135 '" 
1l. 
10 
en.. 
~ 
~ 
0 


-180 
> 
0 
a. 


-225 
-10 
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1k 
10k 
lOOk 
1M 


Frequency (Hz) 


50 


40 


co 
30 
~ 
" 
20 
.iij 
Cl.. 
10 
C>~ 
0> 
0 


-10 


'" 


Gain 


1k 
10k 
100k 
1M 


Frequency (Hz) 


::::::-..... 


~ 
-- 


S, F 


A,E 


~ 
15 
E~" 
() 


~10 
•• 
~ 


~ 
5 


o 
0 
-75 
-50 
-25 
0 
+25 
+50 
+75 
+100 
+125 


Ambient Temperature (0G) 


'\; 


'" 
..•~ 
\ 
-G=5 
- 
Gain 
"" 


lk 
10k 
100k 
1M 


Frequency (Hz) 


~ 
15 i" 
() 


10 
~ 


0 


-45 "'.. 
l!! 
C> 


-90 
..~ 


-135 ~ 
en 


-180 ja. 


-225 


-- 


A, E 


"'''' 
0PA37 


OPA27 


CD 120 
:8- 
§ 
100 
j 
80 


~ 
60 


~ 
40 
§ 
(J 
20 


130 


CD 
125 
:8- 
" 
'iij 
Cl•. 
0> 
~ 
120 
> 


A, E 


R 


1 
LJ2Jn 


.i~ 


~L 
~ 660n 


~~ 


±10 
±15 
±20 


Supply Voltage (Vee) 


I I 
I I 
I I 


+125·C 


+25·C 
>- 
~5;C 


±10 


Supply Voltage (Vee) 


~~ 
III 
III 
OPA27A, E 


~~ 
-Vee 


+Vee 


CD 120 
:8- 
§ 
100 
~'j 
80 
i 
60 
::>en! 40 


20 


CD 
:8- 
" 
'iij 
Cl 
125 
Jg 


115 


-75 
-50 
-25 
0 
+25 
+50 
+75 
+100 
+125 


Ambient Temperature 
(·C) 


+15 


~ 
+10 
•. 
0> 
+5 
".. 
a:•. 


0 
'8::;i:. 
0 
..;; 
E 
E8 
-10 


......::s; ffi 


;...~:;'- 
T.=-55·C 


I 
I 


~ 
T 11.= +25°C- 


T. = +1~5·bll 


~ 
-... 
/ 
T. =-5r~ 
J J 


::::: 
T. =+25·C_ 


t'-f2: 


I 


T. = +125·C 


~ 
~ 


±10 


Supply Voltage (Vee> 
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TYPICAL PERFORMANCE CURVES (CONT) 


\ 


AVCl=+1 
CL = 15pF 


~ 
+20 
j 
g 
'59- -20 
6 


I~ 


- 


Av = +5 
CL = 25pF 
- 
\ 


g -20 


-40 


0.2 
0.4 
0.6 
0.8 
1.0 
1.2 


Time (~s) 


+15 


+10 


~ 
+5 
"'"~ 
0 
0> 
'59- 
-5 
::>0 


-10 


-15 


/ 
/ 
\ 
/ 
\ 
I 
Av 
~ +5 
\ 


0.5 
1 
1.5 


Time (~s) 


+6 


+4 


~ 
+2 
"'"~ 
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THERMOELECTRIC 
POTENTIALS 


The OPA27/37 
is laser-trimmed 
to microvolt-level 
input 
offset voltage and for very low input offset voltage drift. 


Careful layout and circuit design techniques are necessary to 
prevent offset and drift errors from external thermoelectric 
potentials. 
Dissimilar 
metal junctions 
can generate 
small 
EMFs if care is not taken to eliminate 
either their sources 
(lead-to-PC, wiring, etc.) or their temperature difference. See 
Figure II. 


Short, direct mounting of the OPA27/37 
with close spacing 
of the input pins is highly recommended. 
Poor layout can 
result in circuit 
drifts 
and offsets 
which 
are an order 
of 
magnitude 
greater than the operational 
amplifier alone. 


BURR·BROWNe 
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OFFSET 
VOLTAGE 
ADJUSTMENT 


The OPA27/37 
offset voltage is laser-trimmed 
and will re- 
quire no further trim for most applications. 
Offset voltage 
drift will not be degraded when the input offset is nulled with 
a 10kQ trim potentiometer. 
Other potentiometer 
values from 
Ikn 
to IMn 
can be used but Vos drift will be degraded by 
an additional 
0.1 to 0.2~V/°C. Nulling large system offsets 
by use of the offset trim adjust will degrade drift performance 
by approximately 
3.3~V/oC 
per millivolt 
of offset. Large 
system offsets can be nulled without 
drift degradation 
by 
input summing. 


The conventional 
offset 
voltage 
trim circuit 
is shown 
in 
Figure 3. For trimming very small offsets, the higher resolu- 
tion circuit shown in Figure 4 is recommended. 


The OPA27/37 
can replace 741-type operational 
amplifiers 


by removing 
or modifying 
the trim circuit. 


NOISE: 
BIPOLAR 
VERSUS 
FET 


Low-noise circuit design requires careful analysis of all noise 
sources. External noise sources can dominate in many cases, 
so consider the effect of source resistance on overall opera- 
tional amplifier 
noise performance. 
At low source imped- 
ances, 
the lower 
voltage 
noise 
of a bipolar 
operational 


amplifier 
is superior, 
but at higher 
impedances 
the high 
current noise of a bipolar amplifier becomes a serious liabil- 
ity. Above about 15ill 
the Burr-Brown 
OPAl 11 low-noise 
FET operational 
amplifier 
is recommended 
for lower total 
noise than the OPA27 (see Figure 5). 


NOTE: (1) lOkn 10 1Mn 
Trim Potentiometer 
(lOkn Recommended). 
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FIGURE 
5. Voltage Noise Spectral Density Versus Source 
Resistance. 


COMPENSATION 


Although internally compensated 
for unity-gain stability, the 
OP A27 may require 
a small capacitor 
in parallel 
with a 
feedback 
resistor 
(RF) which 
is greater 
than 
2ill. 
This 


capacitor will compensate 
the pole generated by RF and eIN 
and eliminate 
peaking or oscillation. 


INPUT PROTECTION 


Back-to-back 
diodes 
are used for input protection 
on the 
OPA27/37. 
Exceeding 
a few hundred millivolts differential 
input signal will cause current to flow and without external 
current limiting resistors the input will be destroyed. 


Accidental 
static 
discharge 
as well 
as high 
current 
can 
damage the amplifier's 
input circuit. Although the unit may 
still be functional, 
important parameters 
such as input offset 
voltage, drift, and noise may be permanently 
damaged as will 
any precision operational 
amplifier subjected 
to this abuse. 


Transient 
conditions 
can 
cause 
feedthrough 
due 
to the 


amplifier's 
finite slew rate. When using the OP-27 as a unity- 
gain buffer (follower) 
a feedback 
resistor of lill 
is recom- 
mended (see Figure 6). 


G • 40dB all 
kHz. 


Metal film resistors. 


Film capacitors. 
RL and CL per cartridge 
manufacturer's 


recommendations. 


BURR-8ROWNe 
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Products 
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G - SOdB at 1kHz. 
Metal film resistors. 


Film capacjtors. 


R, and C, per head 


manufacturer's 


recommendations. 


C. OPAZlAJ 
with dlQl~ 
well·shlelded 
from air 
currents 
and RFI. (Represents 
ultimate 
OPAZl 
perlormance 
potential.) 


O. OPAZl 
with dlQllt 
unsh_ 
and exposed 
to nonneJ lab bench-top 
air currents. 


(External 
Ihermoeleclric: 
potentials 
far 
exceed 
OPAZl 
noise.) 


E. OPAZl 
with heel sink and shield which 
protects 
Input leads from air currents. 
Conditions 
same as (0). 
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Vos·100fA 


Gain = 100 


CMRR= 
10SdB 


Bandwidth. 
500kHz 


Input 5lage Gain = , + 2RF/R" 


RF 
5kfl 


"1= 


" 
81 
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NOTE: Use metal film resistors 


and plastic film capacitor. 
Circuit 
must be well shielded 
to achieve 


low noise. 
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Gain = -1010VN 


Vas = 2~V 
Drift = O.07~Vf'C 
e, • 1nVlv'HZ at 10Hz 
O.9nVlv'HZ at 100Hz 
O.87nVlv'HZ at 1kHz 
Full Power Bandwidth. 
180kHz 
Gain Bandwidth. 
500MHz 


Equivalent 
Noise 
Resistance"" 
50n 


Signal-to-Noise 
Ratio ~ ,jN 


since amplifier 
noise is 


uncorrelated. 
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Low Noise Precision Difet® 
OPERATIONAL AMPLIFIER 


FEATURES 


• 
LOW NOISE: 
100% Tested, 8nVv'HZ 
max 
(10kHz) 


• 
LOW BIAS CURRENT: 
1pA max 


• 
LOW OFFSET: 
250~V max 


• 
LOW DRIFT: 1~VloC max 


• 
HIGH OPEN-LOOP 
GAIN: 
120dB min 


• 
HIGH COMMON-MODE 
REJECTION: 
100dB mln 


The OPAlll 
is a precision 
monolithic 
dielectrically 
isolated FET (Dlfef$) operational amplifier. Outstand- 
ing performance 
characteristics 
allow its use in the 
most critical instrumentation 
applications. 


Noise, 
bias current, 
voltage 
offset, 
drift, open-loop 
gain, cornmon-mode 
rejection, 
and power supply re- 
jection 
are superior to BIFE'J'® amplifiers. 


Very low bias current is obtained by dielectric 
isola- 
tion with on-chip guarding. 


Laser trimming 
of thin-film resistors 
gives very low 
offset and drift. Extremely 
low noise is achieved with 
patented 
circuit 
design 
techniques. 
A new cascode 
design allows high precision input specifications 
and 
reduced susceptibility 
to flicker noise. 


Standard 
741 pin configuration 
allows upgrading 
of 
existing designs to higher performance 
levels. 


APPLICATIONS 


• 
PRECISION 
INSTRUMENTATION 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
OPTOELECTRONICS 


• 
MEDICAL 
EQUIPMENT-CAT 
SCANNER 


• 
RADIATION 
HARD EQUIPMENT 


Case and 
Substrate 


O~--~ 
8 


-In 


BURR-BROWN4D 
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For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


I 
OPA111AM 
OPAll1BM 
OPA111SM 


PARAMETER 
CONDITION 
I 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
I 
MAX 
UNITS 


INPUT 
. 


NOISE 
Voltage, fo = 10Hz 
100% Tested 
40 
80 
30 
60 
40 
80 
nVl-lHz 


fo = 100Hz 
100% Tested 
15 
40 
11 
30 
15 
40 
nVl-lHz 


fa = 1kHz 
100% Tested 
8 
15 
7 
12 
8 
15 
nVl-lHz 


fo = 10kHz 
100% Tested 
6 
8 
6 
8 
6 
8 
nVl-lHz 


fB = 10Hz to 10kHz 
100% Tested 
0.7 
1.2 
0.6 
1 
0.7 
1.2 
IlVrmS 
fB = 0.1Hz to 10Hz 
(') 
1.6 
3.3 
1.2 
2.5 
1.6 
3.3 
IlVp-p 


Current, fB = 0.1 Hz to 10Hz 
(') 
9.5 
15 
7.5 
12 
9.5 
15 
fAp-p 


fo = 0.1 Hz thru 20kHz 
(') 
0.5 
0.8 
0.4 
0.6 
0.5 
0.8 
fAl-IHz 


OFFSET VOLTAGE(2) 
Input Offset Voltage 
VCM = OVDC 
±loo 
±500 
±SO 
±250 
±loo 
±500 
IlV 
Average 
Drift 
T" = TM1N to TMA)( 
±2 
±5 
±0.5 
±1 
±2 
±5 
Ilvrc 
Supply Rejection 
Vcc = ±10V to ±18V 
90 
110 
100 
110 
90 
110 
dB 


±3 
±31 
±3 
±10 
±3 
±31 
IlVN 


BIAS CURRENTl2) 
Input Bias Current 
VCM = OVDC 
±0.8 
±2 
±0.5 
±1 
±0.8 
±2 
pA 


OFFSET 
CURRENTl2) 


Input Offset Current 
VCM = OVDC 
±O.5 
±1.5 
±0.25 
±O.75 
±O.5 
±1.5 
pA 


IMPEDANCE 
Differential 
10.311 1 
10.3 II 1 
10.3 II 1 
nil 
pF 
Common-Mode 
10" 
II 3 
10"113 
10" 
II 3 
nil 
pF 


VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±10 
±11 
±10 
±11 
±10 
±11 
V 
Common-Mode 
Rejection 
V,N = ±10VDC 
90 
110 
100 
110 
90 
110 
dB 


OPEN·LOOP 
GAIN, DC 


Open-Loop 
Voltage Gain 
I 
RL ~ 2kn 
114 
125 
120 
125 
I 
114 
125 
dB 


FREQUENCY 
RESPONSE 


Unity Gain, Small Signal 
2 
2 
2 
MHz 
Full Power Response 
20Vp-p, 
Rc = 2kn 
16 
32 
16 
32 
16 
32 
kHz 
Slew Rate 
Vo = ±10V, RL = 2kn 
1 
2 
1 
2 
1 
2 
VlIlS 
Settling Time, 0.1% 
Gain = -1, Rl = 2kn 
6 
6 
6 
IlS 


0.01% 
10V Step 
10 
10 
10 
IlS 
Overload 
Recovery, 


50% Overdrive(3) 
Gain =-1 
5 
5 
5 
IlS 


RATED OUTPUT 


Voltage Output 
RL = 2kn 
±11 
±12 
±11 
±12 
±11 
±12 
V 
Current Output 
Vo = ±10VDC 
±5.5 
±10 
±5.5 
±10 
±5.5 
±10 
mA 
Output Resistance 
DC, Open Loop 
100 
100 
100 
n 
Load Capacitance 
Stability 
Gain = +1 
1000 
1000 
1000 
pF 
Short Circuit Current 
10 
40 
10 
40 
10 
40 
mA 


POWER SUPPLY 


Rated Voltage 
±15 
±15 
±15 
VDC 
Vollage 
Range, Derated 
Performance 
±5 
±18 
±5 
±18 
±5 
±18 
VDC 
Current, Quiescent 
10= OmADC 
2.5 
3.5 
2.5 
3.5 
2.5 
3.5 
mA 


TEMPERATURE 
RANGE 


Specification 
Ambient Temp. 
-25 
+85 
-25 
+85 
-55 
+125 
·c 
Operating 
Ambiem Temp. 
-55 
+125 
-55 
+125 
-55 
+125 
·c 
Storage 
Ambient Tamp. 
~5 
+150 
~5 
+150 
~5 
+150 
·c 


8 Junction-Ambient 
200 
200 
200 
"CNI 


The information 
provided herein is believed to be reliable; however. BURA-BROWN 
assumes no responsibility for inaccuracioe or omisaions. BUAA·BAOWN 
assumes 
no responsibility for trle use of this information, and all use of such information shaJl be entirely at the user's own risk. Prices and specifications 
are subject to change without 
notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant any BURR- 
BROWN product for use in life support devices and/or systems. 
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ELECTRICAL 
(FULL 
TEMPERATURE 
RANGE 
SPECIFICATIONS) 


PARAMETER 
CONDITION 


TEMPERATURE 
RANGE 


Specification 
Range 
Ambient Temp. 


INPUT 


OFFSET VOLTAGE!') 
Input Offset Voltage 
VCM = OVDC 
±220 
±lOoo 
Average Drift 
±2 
±S 
Supply Rejection 
Vcc = ±10V to ±18V 
86 
100 
±10 
±SO 


BIAS CURRENT!') 
Input Bias Current 
VCM = OVDC 
±50 
±250 


OFFSET 
CURRENTl') 


Input Offset Current 
VCM = OVDC 
±30 
±200 


VOLTAGE 
RANGE 
Common·Mode 
Input Range 
±10 
±11 
Common~Mode 
Aejection 
V,N = ±10VDC 
86 
100 


OPEN·LOOP 
GAIN, DC 


Open-LOOp Voltage Gain 
RL ~ 2kn 


RATED OUTPUT 


Voitage Output 
RL = 2kn 
Current Output 
Vo = ±10VDC 
Short Circuit Current 
Vo = OVDC 


POWER SUPPLY 


Current, Quiescent 
10= OmADC 


UNITS 


·C 


±300 
±lSoo 
~V 
±2 
±5 
~vrc 
100 
dB 
±10 
±SO 
~VN 


±820 
±41oo 
pA 


±S10 
±31oo 
pA 


±11 
V 
100 
dB 


dB 


V 
mA 
mA 


mA 


±110 
±SOO 
±O.S 
±1 
100 
±10 
±32 


±30 
±130 


±lS 
±loo 


±11 
100 


Supply 
. 
±18VDC 
Internal Power Dissipation(1) . 
. 
750mW 
Differential 
Input Voltage!') 
.. ±36VDC 
Input Voltage Range!') 
±18VDC 
Storage Temperature 
Range 
-65°C 
to +150°C 
Operating Temperature 
Range 
-55°C 
to +125°C 
Lead Temperature 
(soldering, 
10s) 
+3OO"C 
Output Short Circuit Duration(3) 
. 
Continuous 
Junction Temperature 
+175°C 


NOTES, (1) Packages must be derated based on OJC = 1500CIW or OJA 
= 300"CIW. 
(2) For supply 
voltages 
less than ±18VDC, 
the absolute 
maximum 
input vottaQe is equal to +18V > VlN > -Vcc - 6V. See Figure 
2. (3) Short circuit may be to power supply common only. Rating applies 
to +25°C ambient. Observe dissipation 
limit and TJ. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERi') 


OPA111AM 
TO-99 
001 
OPA111BM 
TO-99 
001 
OPA111SM 
TO-99 
001 


OFFSET 
TEMPERATURE 
VOLTAGE, 


MODEL 
PACKAGE 
RANGE 
MAX (J.lV) 


OPA111AM 
TO-99 
-25OC to +8S·C 
±500 
OPA111BM 
TO-99 
-2SOC to +8SOC 
±250 
OPAlllSM 
TO-99 
-5SOC to +12SOC 
±500 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLlne 1-800-548-6133 


Request Document 
Number 10539 


L.ow Cost Precision 
Difet® 
OPERATIONAL 
AMPLIFIER 


FEATURES 


• 
LOW NOISE: 6nVNHi 
typ at 10kHz 


• 
LOW BIAS CURRENT: 
SpA max 


• 
LOW OFFSET: 
2mV max 


• 
LOW DRIFT: 3~Vf'C 
typ 


• 
HIGH OPEN-LOOP 
GAIN: 110dB min 


• 
HIGH COMMON-MODE 
REJECTION: 
86dB min 


The OPA 121 is a precision 
monolithic 
dielectrically- 
isolated 
FET 
(Difet'") 
operational 
amplifier. 
Out- 


standing 
performance 
characteristics 
are 
now 


available 
for low-cost applications. 


Noise, 
bias current, 
voltage 
offset, 
drift, open-loop 
gain, 
common-mode 
rejection, 
and 
power 
supply 


rejection 
are superior to BIFET'" amplifiers. 


Very 
low 
bias 
current 
is obtained 
by 
dielectric 
isolation with on-chip guarding. 


Laser-trimming 
of thin-film 
resistors 
gives very low 
offset and drift. Extremely 
low noise is achieved with 
new 
circuit 
design 
techniques 
(patented). 
A new 


cascode design allows high precision input specifica- 
tions and reduced susceptibility 
to flicker noise. 


Standard 
741 pin configuration 
allows upgrading 
of 
existing designs to higher performance 
levels. 


• 
OPTOELECTRONICS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
MEDICAL 
EQUIPMENT 


• 
RADIATION 
HARD EQUIPMENT 


Case (TO-99) and Substrate 


~ 


BURR-BROW'Ne 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


At Vcc = ±15VDC and T A = +25°C unless otherwise noted. Pin 8 connected to ground. 


OPA121KM 
OPA121KP, 
KU 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
.•.. 
N 
INPUT 
.•.. 
NOISE 
~ 
Voltage, fo = 10Hz 
(1) 
40 
, 
50 
nVl-IHz 


fo = 100Hz 
(1) 
15 
18 
nVl-IHz 


fo = 1kHz 
(1) 
8 
10 
nVl-IHz 
0 
fo = 10kHz 
(1) 
6 
7 
nVl-IHz 


f. = 10Hz to 10kHz 
(1) 
0.7 
0.8 
l1VrmS 


f. = 0.1Hz to 10 Hz 
(1) 
1.6 
2 
l1Vp-p 
Current, f. = 0.1Hz to 10Hz 
(1) 
15 
21 
fA, p-p 
fo = 0.1 Hz thO' 20kHz 
(1) 
0.8 
1.1 
fA/-IHz 


OFFSET VOLTAGE(2) 
en 
Input Offset Vo~age 
VOM =OVDC 
±D.5 
±2 
±D.5 
±3 
mV 
IX: 
Average 
Drift 
TA=TMINtoTMAX 
±3 
±10 
±3 
±10 
l1VrC 
W 
Supply Rejection 
86 
104 
86 
104 
dB 
±6 
±50 
±6 
±50 
l1VN 
LL 


BIAS CURRENTl') 
::i 
Input Bias Current 
VCM =OVDC 
±1 
±5 
±1 
±10 
pA 
Q. 


Device 
Operating 
::!E 
OFFSET CURRENTl') 
« 
Input Offset Current 
VCM =OVDC 
±0.7 
±4 
±0.7 
±8 
pA 
..J 
Dev~e Operating 
« 
IMPEDANCE 
Z 
Differential 
1013111 
1013111 
011 pF 
0 
Common-Mode 
10"113 
10"113 
OllpF 


VOLTAGE 
RANGE 
~ 
Common-Mode 
Input Range 
±10 
±11 
±10 
±11 
V 
Common-Mode 
Rejection 
V'N= ±10VDC 
86 
104 
82 
100 
dB 
IX: 


OPEN-LOOP 
GAIN, DC 
W 
Q. 


Open-Loop 
Vo~age Gain 
RL~2kO 
110 
120 
106 
114 
dB 
0 
FREQUENCY 
RESPONSE 
Unity Gain, Small Signal 
2 
2 
MHz 
Full Power Response 
20Vp-p, RL = 2kO 
32 
32 
kHz 
Slew Rate 
Vo=±10V,RL=2kO 
2 
2 
VlllS 
Settling Time, 0.1% 
Gain = -1, RL = 2kO 
6 
6 
l1S 
0.01% 
10V Sfep 
10 
10 
l1S 
Overload Recovery, 


50% Overdrive(3) 
Gain =-1 
5 
5 
l1S 


RATED OUTPUT 
Vo~age Output 
RL= 2kO 
±11 
±12 
±11 
±12 
V 
Current Output 
Vo=±10VDC 
±5.5 
±10 
±5.5 
±10 
mA 
Output Resistance 
DC, Open Loop 
100 
100 
, 


0 
Load Capscitance 
Stability 
Gain = +1 
1000 
1000 
pF 
Short Circuit Current 
10 
40 
10 
40 
mA 


POWER SUPPLY 
Rated Voltage 
±15 
±15 
VDC 
Voltage Range, 


Derated Performance 
±5 
±18 
±5 
±18 
VDC 
Current, Quiescent 
10=OmADC 
2.5 
4 
2.5 
4.5 
mA 


TEMPERATURE 
RANGE 
Specification 
Ambient Temperature 
0 
+70 
0 
+70 
'c 
Operating 
Ambient Temperature 
-40 
+85 
-25 
+85 
'c 
Storage 
Ambient Temperature 
--ll5 
+150 
-55 
+125 
'c 
8 Junction-Ambient 
200 
150(4) 
'CIW 


NOTES: (1) Sample tested. (2) Offset voltage, offsef current, and bias current are specified 
with the unifs fully warmed 
up. (3) Ove~oad 
recovery 
is defined as 
the time required for the output to return from saturation to linear operation following 
the removal of a 50% input overdrive. 
(4) 1000CIW for KU grade. 


The information provided herein is believed to be reliable; however. BURR-BROWN 
assumes no responsibilttyfor 
inaccuracies or omissions. BURR·BROWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without 
notice. No patent rights or licenses 
to any of the circuits 
described 
herein are implied or granted 
to any third party. BURA-BROWN 
does not authorize 
or warrant 
any BURA-BROWN 
product for use in life support devices and/or systems. 


BURR-BROWN_ 
IEElEElI 
Burr-Brown Ie Data Book-Linear 
Products 


OPA121KM 
OPA121KP, 
KU 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 
Specification 
Range 
Ambient 
Temperature 
0 
+70 
0 
+70 
'C 


INPUT 
OFFSET VOLTAGE!') 
Input Offset Voltage 
VCM= 
OVDC 
±1 
±3 
±1 
±5 
mV 


Average 
Drift 
±3 
±10 
±3 
±10 
IlW•C 


Supply Rejection 
82 
94 
82 
94 
dB 


±20 
±80 
±20 
±80 
IlVN 


BIAS CURRENT1') 
Input Bias Current 
VCM= 
OVDC 
±23 
±115 
±23 
±250 
pA 
Device 
Operating 


OFFSET CURRENT1') 
Input Offset Current 
VCM= 
OVDC 
±16 
±100 
±16 
±200 
pA 
Device 
Operating 


VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±10 
±11 
±10 
±11 
V 
Common-Mode 
Rejection 
V'N= ±10VDC 
82 
98 
80 
96 
dB 


OPEN-LOOP 
GAIN, DC 
Open-Loop 
Voltage Gain 
Rl ~ 2kil 
106 
116 
100 
110 
dB 


RATED OUTPUT 
Voltage Output 
Rl = 2kil 
±10.5 
±11 
±10.5 
±11 
V 
Current Output 
Vo=±10VDC 
±5.25 
±10 
±5.25 
±10 
mA 


Short Circuit Current 
Vo=OVDC 
10 
40 
10 
40 
mA 


POWER SUPPLY 
Current, 
Quiescent 
10= OmADC 
2.5 
4.5 
2.5 
5 
mA 


Supply 
. 
Internal 
Power Dissipation(l) 


Differential Input Voltage 
.... 


Input Voltage Range. 
Storage 
Temperature 
Range 


M package 
. 


P, U packages.. 
. 
. 
Operating 
Temperature 
Range 
M package. 
P, U packages .. 


lead Temperature 
M, P packages (soldering, 
10s) 
U package (soldering, 3s) 
Output Short·Circuit 
Duration(2) 


Junction Temperature 
. 


............................ 
±18VDC 


...................... 
.. 
500mW 


..................... 
. 
±36VDC 


.. 
±18VDC 


.............................. 
... +300·C 


................... 
+260"C 


......... 
Continuous 


.. 
+175·C 


NOTES: 
(1) 
Packages 
must 
be derated 
based 
on 9,. = 
150·CIW 


(P package); 9,. = 200·c/w 
(M package); 9,. = 100·CIW 
(U package). 
(2) Short circuit may be to power supply common 
only. Rating applies 
to 
+25°C 
ambient. 
Observe 
dissipation 
limit and TJ• 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl') 


OPA121KM 
TO-99 
001 
OPA121KP 
8-Pln Plastic DIP 
006 
OPA121KU 
8-Pin SOIC 
182 


TEMPERATURE 


MODEL 
PACKAGE 
RANGE 


OPA121KM 
TO-99 
O·C to +70'C 
OPA121KP 
a-Pin 
Plastic 
DIP 
DoC to +70DC 
OPA121KU 
8-Pin SOIC 
O·C to +70·C 
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BURR - BROWN® 
113131 


Low Noise Precision Difet® 
OPERATIONAL AMPLIFIER 


FEATURES 


• 
LOW NOISE: 6nVl'i'HZ (10kHz) 


• 
LOW BIAS CURRENT: 
1pA max 


• 
LOW OFFSET: 250llV max 


• 
LOW DRIFT: 2IlV/oC max 


• 
HIGH OPEN-LOOP 
GAIN: 120dB min 


• 
HIGH COMMON-MODE 
REJECTION: 
100dB min 


• 
AVAILABLE 
IN 8-PIN PLASTIC 
DIP 
AND 8-PIN SOIC PACKAGES 


The OPA124 
is a precision 
monolithic 
PET opera- 
tional amplifier 
using a Difet (dielectrical 
isolation) 
manufacturing 
process. Outstanding 
DC and AC per- 
formance 
characteristics 
allow 
its use in the most 
critical instrumentation 
applications. 


Bias current, 
noise, 
voltage 
offset, 
drift, 
open-loop 
gain, common-mode 
rejection 
and power supply re- 
jection 
are superior to BlFET and CMOS amplifiers. 


Difet fabrication 
achieves 
extremely 
low input bias 
currents 
without 
compromising 
input 
voltage 
noise 
performance. 
Low input bias current 
is maintained 
over a wide input common-mode 
voltage range with 
unique 
cascode 
circuitry. 
This cascode 
design 
also 
allows high precision input specifications 
and reduced 
susceptibility 
to flicker noise. Laser trimming of thin- 
film resistors gives very low offset and drift. 


Compared 
to the popular OPAlll, 
the OPAl 24 gives 
comparable 
performance 
and is available 
in an 8-pin 
PDIP and 8-pin SOIC package. 


• 
PRECISION 
PHOTODIODE 
PREAMP 


• 
MEDICAL 
EQUIPMENT 


• 
OPTOELECTRONICS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


Substrate 
o~--~ 
8 
-In 


BURR-BROWNiIII 
IElElI 


Inte,natlonal 
Airport 
Indust,lal 
Park 
• 
Mailing 
Address: 
PO BOl 11400 
• 
Tucson, 
AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 
Tel: (520)746-1111 
• 
Twx: 910-952·11" 
• 
Cable: BBRCORP 
• 
Telel: 
06&-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Into: (BOO)546-6132 


For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 


OPA124UIP 
OPA124UAlPA 
OPA124UBlPB 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT NOISE 
Voltage, fo = 10Hz(4) 
40 
80 
40 
80 
40 
80 
nVl"IHz 


fo= 
1OOHz(4) 
15 
40 
15 
40 
15 
40 
nV/"IHz 
fo = 1kHz(4) 
8 
15 
8 
15 
8 
15 
nVl"IHz 


fo= 
10kHz(5) 
6 
8 
6 
8 
6 
8 
nVl"IHz 
fo = 10Hz to 10kHz(5) 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
~Vrms 
fo = O.lHz to 10Hz 
1.6 
3.3 
1.6 
3.3 
1.6 
3.3 
~Vp-p 
Current, fo = 0.1 Hz to 10Hz 
9.5 
15 
9.5 
15 
9.5 
15 
fAp-p 
fo = 0.1 Hz thru 20kHz 
0.5 
0.8 
0.5 
0.8 
0.5 
0.8 
fA/.JHz 


OFFSET VOLTAGE!') 
Input Offset Voltage 
VCM= 
OVDC 
±2oo 
±800 
±150 
±500 
±loo 
±250 
~V 
vs Temperature 
TA = TMIN to TMA)( 
±4 
±7.5 
±2 
±4 
±1 
±2 
~Vf'C 
Supply Rejection 
Vcc = ±10V to ±18V 
88 
110 
90 
110 
100 
110 
dB 
vs Temperature 
TA = T MIN to TMA)( 
84 
100 
86 
100 
90 
100 
dB 


BIAS CURRENTI') 
Input Bias Current 
VCM= 
OVDC 
±1 
±5 
±0.5 
±2 
±O.35 
±1 
pA 


OFFSET CURRENTI') 
Input Offset Current 
VCM= 
OVDC 
±1 
±5 
±0.5 
±1 
±O.25 
±O.5 
pA 


IMPEDANCE 
Differential 
1013111 
1013111 
1013111 
nllpF 
Common-Mode 
1014113 
1014113 
10'4113 
nllpF 


VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±10 
±11 
±10 
±11 
±10 
±11 
V 
Common-Mode 
Rejection 
V'N=±10VDC 
92 
110 
94 
110 
100 
110 
dB 
vs Temperature 
TA = T MIN to TMA)( 
86 
100 
86 
100 
90 
100 
dB 


OPEN-LOOP 
GAIN, DC 
Open-Loop 
Vollage Gain 
RL~2kn 
106 
125 
106 
125 
120 
125 
dB 


FREQUENCY 
RESPONSE 
Unlly Gain, Small Signal 
1.5 
1.5 
1.5 
MHz 
Full Power Response 
20Vp-p, RL = 2kn 
16 
32 
16 
32 
16 
32 
kHz 
Slew Rate 
Va = ±10V, RL = 2kn 
1 
1.6 
1 
1.6 
1 
1.6 
VI~ 
THD 
0.0003 
0.0003 
0.0003 
% 


Settling 
TIme, 0.1 % 
Gain = -1, RL = 2kn 
6 
6 
6 
~s 


0.01% 
10V Step 
10 
10 
10 
~s 


Overtoad Recovery, 
50% Overdrive(2) 
Gain =-1 
5 
5 
5 
~ 


RATED OUTPUT 
Voltage Output 
RL=2kn 
±11 
±12 
±11 
±12 
±11 
±12 
V 
Current Output 
Vo=±10VDC 
±5.5 
±10 
±5.5 
±10 
±5.5 
±10 
mA 
Output Resistance 
DC, Open Loop 
100 
100 
100 
n 


Load Capacitance 
Stability 
Gain = +1 
1000 
1000 
1000 
pF 
Short Circuit Current 
10 
40 
10 
40 
10 
40 
mA 


POWER SUPPLY 
Rated Voltage 
±15 
±15 
±15 
VDC 
Voltage Range, Derated 
±5 
±18 
±5 
±18 
±5 
±18 
VDC 
Current, Quiescent 
'0 = OmADC 
2.5 
3.5 
2.5 
3.5 
2.5 
3.5 
mA 


TEMPERATURE 
RANGE 
Specification 
TMIN and T MAX 
-25 
+85 
-25 
+85 
-25 
+85 
°C 


Storage 
~5 
+125 
~5 
+125 
~ 
+125 
°C 


8 Junction-Ambient: 
PDIP 
90 
90 
90 
oelW 
SOIC 
100 
100 
100 
oelW 


NOTES: (1) Offset voltage. offset current, and bias current are measured with the units fully warmed up. For performance 
at other temperatures 
see Typical Performance 
Curves. (2) Over1oad recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive. 
(3) For performance 
at other temperatures 
see Typical Performance 
Curves. (4) Sample tested, 98% confidence. 
(5) Guaranteed 
by design. 
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PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERl') 


OPA124U 
8-Pin SOIC 
182 
OPA124P 
8-Pin Plastic DIP 
006 
OPA124UA 
8-Pin SOIC 
182 


OPA124PA 
8-Pin Plastic DIP 
006 
OPA124UB 
8-Pin SOIC 
182 
OPA124PB 
8-Pin Plastic DIP 
006 


Supply 
±18VDC 
Internal Power Dissipation(1) 
. 750mW 
Differential Input Vohagel2) 
±36VDC 
Input Vohage Range(2) 
. ±18VDC 
Storage Temperature 
Range 
-65°C to +150°C 
Operating Temperature 
Range. 
. 
-400C to +125°C 
Lead Temperature 
(soldering, 
10s) 
. 
+300°C 
Output Short Circuit Duration(3) 
. 
Continuous 
Junction Temperature 
. 
+175°C 


NOTES: (1) Packages must be derated based on 9J• = 9O°CIWfor PDIP and 
1OOOCIWfor SOIC. (2) For supply Yohages less than ±18VDC, the absolute 
maximum input voltage is equal to +18V > V1N > -Vcc - 6V. See Figure 2. (3) 
Short circuit may be to power supply common onty. Rating applies to +25°C 
ambient. Observe dissipation limit and TJ. 


BIAS 
OFFSET 


TEMPERATURE 
CURRENT 
DRIFT 


MODEL 
PACKAGE 
RANGE 
pA,max 
~Vf'C.m.x 


OPA124U 
8-PINSOIC 
-25°C 
TO +85°C 
5 
7.5 
OPA124P 
8-Pin Plastic DIP 
-25OC to +85°C 
5 
7.5 
OPA124UA 
8-PinSOIC 
-25OC to +85°C 
2 
4 
OPA124PA 
8-Pin Plastic DIP 
-25OC to +85°C 
2 
4 
OPA124UB 
8-Pin SOIC 
-25°C to +85°C 
1 
2 
OPA124PB 
8-Pin Plastic DIP 
-25°C to +85°C 
1 
2 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURA·BAOWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are sUbject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BUAR·BROWN 
does not authorize or warrant 
any BURR~BROWN product for use in life support devices and/or systems. 
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TYPICAL PERFORMANCE CURVES (CONT) 


T" = +25°C, 
Vcc = ±15VDC 
unless otherwise 
noted. 


BIAS AND OFFSET CURRENT 


vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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TYPICAL PERFORMANCE CURVES (CONT) 
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APPLICATIONS INFORMATION 


OFFSET 
VOLTAGE 
ADJUSTMENT 


The OPAl24 
offset voltage is laser-trimmed 
and will require 
no further 
trim for most applications. 
In order to reduce 
layout leakage errors, the offset adjust capability 
has been 
removed from the SOIC versions (OPAI24UB, 
OPAl24UA, 


and 
OPAI24U). 
The 
PDIP 
versions 
(OPAI24PB, 


OPAl24PA, 
and OPAI24P) 
do have 
pins 
available 
for 
offset adjustment. 
As with most amplifiers, 
externally 
trim- 
ming the remaining 
offset can change drift performance 
by 
about 
O.3IlV/oC for each 
lOOIlV of adjusted 
offset. 
The 
correct circuit configuration 
for offset adjust for the PDIP 
packages 
is shown in Figure 1. 


INPUT PROTECTION 


Conventional 
monolithic PET operational 
amplifiers require 
external 
current-limiting 
resistors 
to protect 
their 
inputs 


against destructive 
currents 
that can flow when input PET 
gate-to-substrate 
isolation 
diodes are forward-biased. 
Most 
BIFET amplifiers 
can be destroyed 
by the loss of -V cc. 


Unlike BIFET amplifiers, 
the DifetOPAl24 
requires input 
current limiting resistors only if its input voltage is greater 
than 6V more negative than -V cc. A lOId1 series resistor 
will limit input current to a safe level with up to ±15V input 
levels, even if both supply voltages are lost (Figure 2). 


Static damage can cause subtle changes in amplifier 
input 
characteristics 
without necessarily 
destroying 
the device. In 
precision operational amplifiers (both bipolar and PET types). 
this may cause a noticeable degradation of offset voltage and 
drift. Static protection 
is recommended 
when handling 
any 


precision 
IC operational 
amplifier. 


GUARDING 
AND SHIELDING 


As in any situation 
where high impedances 
are involved. 


careful shielding is required to reduce "hum" pickup in input 
leads. If large feedback 
resistors are used, they should also 
be shielded along with the external input circuitry. 


Leakage 
currents 
across printed 
circuit 
boards 
can easily 
exceed the bias current of the OPAI24. 
To avoid leakage 
problems, 
the OPAl24 
should be soldered 
directly 
into a 
printed circuit board. Utmost care must be used in planning 
the board 
layout. 
A "guard" 
pattern 
should 
completely 


surround 
the high impedance 
input 
leads and should 
be 


connected 
to a low impedance 
point which is at the signal 
input potential. 


The amplifier 
substrate 
should be connected 
to any input 


shield or guard via pin 8 minimizing 
both leakage and noise 
pickup (see Figure 3). 


If guarding 
is not required, 
pin 8 should be connected 
to 
ground. 


10k(} 
to 1Mil trim potentiometer. 


(100kn 
recommended). 


±10mV typical trim range. 
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FIGURE 2. Input Current vs Input Voltage with ±Vcc Pins 
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BURR - BROWN® 
1E3E31 


Difet@ Electrometer-Grade 
OPERATIONAL 
AMPLIFIER 


• 
ULTRA-LOW 
BIAS CURRENT: 
75fA max 


• 
LOW OFFSET: 
50011Vmax 


• 
LOW DRIFT: 511VloCmax 


• 
HIGH OPEN-LOOP 
GAIN: 110dB min 


• 
HIGH COMMON-MODE 
REJECTION: 
90dB min 


• 
IMPROVED 
REPLACEMENT 
FOR AD515 
ANDAD549 


The OPAl28 
is an ultra-low 
bias current monolithic 
operational 
amplifier. 
Using 
advanced 
geometry 
dielectric ally-isolated 
PET (Difet») inputs, this mono- 
lithic amplifier 
achieves a performance 
level exceed- 
ing even the best hybrid electrometer 
amplifiers. 


Laser-trimmed 
thin-film resistors give outstanding volt- 


age offset and drift performance. 


A noise-free 
cascode 
and low-noise 
processing 
give 
the OPAl28 
excellent low-level signal handling capa- 
bilities. Flicker noise is very low. 


The OPAl28 
is an improved pin-for-pin 
replacement 
for the AD515. 


• 
ELECTROMETER 


• 
MASS SPECTROMETER 


• 
CHROMATOGRAPH 
• 
ION GAUGE 


• 
PHOTODETECTOR 


• 
RADIATION-HARD 
EQUIPMENT 


Case (Guard) 
Bon 


BURR-BROWN4D 
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International 
Airport 
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• 
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• 
Telex: 066-6491 
• 
FAX: (520) 889·1510 
• 
Immediate 
Product 
Into: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 


At Voo= ±15VDC and T" = +25°C unless otherwise noted. Pin 8 connected to ground. 
I 
OPA128JM 
OPA128KM 
OPA128LM 
I 
OPA128SM 
I 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


BIAS CURRENT<') 
Input Bias Current 
VelA = OVDC, 


RL ~ 101dl 
±15O 
±300 
±75 
±15O 
±40 
±75 
±75 
±15O 
IA 


OFFSET 
CURRENTt') 
Input Offset Current 
VCM = OVDC, 
RL ~ 101dl 
65 
30 
30 
30 
IA 


OFFSET VOLTAGE(1) 
Input OIIset Vo~age 
VelA = OVDC 
±260 
±looo 
±140 
±500 
±140 
±500 
±140 
±500 
~V 
Average 
Drift 
TA = TM1N to TMA)( 
±20 
±10 
±5 
±10 
~Vf'C 
Supply Rejection 
60 
120 
90 
120 
90 
120 
90 
120 
dB 
±1 
±loo 
±1 
±32 
±1 
±32 
±1 
±32 
~VN 


NOISE 
Vo~age: fa = 10Hz 
92 
92 
92 
92 
nVNHz 


fa = 100Hz 
78 
78 
78 
78 
nVNHz 


fa = 1kHz 
27 
27 
27 
27 
nVNHz 


fa = 10kHz 
15 
15 
15 
15 
nVNHz 


f. = 10Hz to 10kHz 
2.4 
2.4 
2.4 
2.4 
~Vrms 
I. = O.lHz to 10Hz 
4 
4 
4 
4 
~Vp-p 
Current: 
I. = 0.1Hz to 10Hz 
4.2 
3 
2.3 
3 
lA, pop 
10 = 0.1 Hz to 20kHz 
0.22 
0.16 
0.12 
0.16 
IANHz 


IMPEDANCE 
Differential 
1013111 
1013111 
10'311 1 
10'3111 
nil 
pF 
Common-Mode 
10'5112 
10'5112 
10'5112 
10'5112 
nil 
pF 


VOLTAGE 
RANGE(" 
Common-Mode 
Input Range 
±10 
±12 
±10 
±12 
±10 
±12 
±10 
±12 
V 
Common-Mode 
Rejection 
V,. = ±10VDC 
80 
118 
90 
118 
90 
118 
90 
118 
dB 


Open·Loop 
Voltage Gain 
RL ~ 2k!l 
94 I 
128 
I 
110 I 
128 
110 
128 
I 110 
128 I 
dB 


Unity Gain, Small Signal 
(2) 
0.5 
1 
0.5 
1 
0.5 
1 
0.5 
1 
MHz 
Full Power Response 
20Vp-p, 
Rc = 2k!l 
47 
47 
47 
47 
kHz 
Slew Rate 
Va = ±10V, RL =2k!l 
0.5 
3 
1 
3 
1 
3 
1 
3 
V1~s 
Settling Time, 0.1% 
Gain = -1, RL = 2k!l 
5 
5 
5 
5 
lIS 
0.01% 
10V Step 
10 
10 
10 
10 
lIS 
Overload 
Recovery, 
50% Overdrive(3l 
Gain =-1 
5 
5 
5 
5 
lIS 


Voltage Output 
RL = 2k!l 
±10 
±13 
±10 
±13 
±10 
±13 
±10 
±13 
V 
Current Output 
Va = ±10VDC 
±5 
±10 
±5 
±10 
±5 
±10 
±5 
±10 
mA 
Output Resistance 
DC, Open Loop 
100 
100 
100 
100 
n 
Load Capacitance 
Stability 
Gain = +1 
1000 
1000 
1000 
1000 
pF 
Short Circuit Current 
10 
34 
55 
10 
34 
55 
10 
34 
55 
10 
34 
55 
mA 


Rated Voltage 
±15 
±15 
±15 
±15 
VDC 
Voltage Range. 


Derated Perlormance 
±5 
±18 
±5 
±18 
±5 
±18 
±5 
±18 
VDC 
Current, Quiescent 
10= OmADC 
0.9 
1.5 
0.9 
1.5 
0.9 
1.5 
0.9 
1.5 
mA 


Specification 
Ambient Temp. 
0 
+70 
0 
+70 
0 
+70 
-55 
+125 
·C 
Operating 
Ambient Temp. 
-55 
+125 
-55 
+125 
-55 
+125 
-55 
+125 
·C 
Storage 
Ambient Temp. 
-65 
+150 
-65 
+150 
-65 
+150 
-65 
+150 
·C 
8 Junction-Ambient 
200 
200 
200 
200 
·CfW 


NOTES: 
(1) Offset voltage, offset current, and bias current are measured with the units fully wanned up. Bias current doubles approximately 
every 11OC. (2) Sample 
tested. (3) Overload recovery is defined as the time required for the output to retum from saturation to linear operation following the removal of a 50% input overdrive. 
(4) If it is possible for the input voltage to exceed the supply voltage, a series protection resistor should be added to limit input current to O.SmA. The input devices 
can withstand 
overload currents of O.3mA indefinitely without damage. 


The infonnation provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 
no responsibility for the use of this infonnation. 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Products 
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ELECTRICAL 
(FULL TEMPERATURE 
RANGE SPECIFICATIONS) 


At Vcc = ±15VDC and T.•.= T MlN and T MAX unless otherwise noted. 


PARAMETER 


TEMPERATURE 
RANGE 


Specification 
Range 


INPUT 


BIAS CURRENl1') 
Input Bias Current 


OFFSET CURRENTl'1 
Input Offset Current 


OFFSET 
VOLTAGE") 
Input Offset Voltage 
Average 
Drift 
Supply Rejection 


VOLTAGE 
RANGE(2) 
Common-Mode 
Input Range 
Commmon-Mode 
Rejection 


OPEN-LOOP 
GAIN, DC 


Open-Loop 
Voltage Gain 


RATED OUTPUT 


Voltage Output 
Current Output 
Short Circuit Current 


UNITS 


CO 


"C 
N 
,.... 


±2.5 
±8 
±1.3 
±4 
±0.7 
±2 
±43 
±170 
pA 
~0 


1.1 
0.6 
0.6 
18 
pA 


±2.2mV 
±20 
114 
80 
±2 
±200 


±lmV 
±10 
114 
80 
±2 
±loo 


±750 
±5 
114 
80 
±2 
±loo 


±1.5mV 
~V 
±10 
~Vf'C 
106 
dB 
±5 
±loo 
~VN 


NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. (2) If it is possible for the input vollage to exceed the supply 
voltage, a series protection resistor should be added to limit input current to a.SmA. The input devices can withstand over1oad currents of a.3mA indefinitety without 
damage. 


TEMPERATURE 
BIAS CURRENT, 
MODEL 
PACKAGE 
RANGE 
mex(tA) 


OPA128JM 
To-99 
O"Cto +70"C 
±300 
OPA128KM 
TO-99 
O"Cto +70'C 
±150 
OPA128LM 
TO-99 
O'Cto 
+70'C 
±75 
OPA128SM 
TO-99 
-55'C 
to +125'C 
±150 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER<') 


OPA128JM 
T0-99 
001 
OPA128KM 
TO-99 
001 
OPA128LM 
To-99 
001 
OPA128SM 
T0-99 
001 


Supply... 
. 
±18VDC 
Internal Power Oissipation(1j 
500mW 
Differential Input Voltage. 
. 
±36VDC 
Input Voltage Range 
. 
±18VDC 
Storage Temperature 
Range 
-65°C 
to +150°C 
Operating Temperature 
Range 
. 
-55°C 
to +125°C 
Lead Temperature 
(soldering, 
108) 
+3OO"C 
Output Short Circuit Ouration(2) 
. 
Continuous 
Junction Temperature 
. 
+175°C 


NOTES: (1) Packages must be derated based on ficA = 150"C1W 
or 8JA = 
2oo"ClW. 
(2) Short circuit may be to power supply common only. Rating 
applies to +25°C ambient. Observe dissipation limit and TJ. 
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PAD 
FUNCTION 


1 
Offset Trim 
2 
-In 
3 
+In 
4 
-Vcc 
5 
Offset Trim 
6 
Output 
7 
+Vcc 


8 
Substrate 
NC 
No Connection 


MilS (0.001") 
MilLIMETERS 


Die Size 
96x71±5 
2.44 x 1.80 ±0.13 
Ole Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10 x 0.10 


Backing 
None 


140 


120 


iil 100 
:2- 
c 
80 
... 
Cl 


Q) 
60 
'" 
J!1 
0> 
40 


20 


al 


0 


_Phase_ 


k 
_Margin_ 


.90' 


III 
'IJ II 


1"'- 


100 
1k 
10k 
lOOk 
1M 


Frequency (Hz) 


-10 
-.5 
0 
5 


Common-Mode Vonage (V) 


140 


-45 
120 
iil 
u;- 
:2- 


Q) 
c 
100 
~ 
.2 
'" 
-g 
-90 
Q) 
80 
e. 
'ar 
~ 
II:;,. 
60 
(/) 
c.c. 


ill 
" 
-135 
~ 
(/) 
Ii; 
40 
0- 
,. 


0 
0- 
20 


•••• 1" 


+PSRR 


-PSRR 


100 
lk 
10k 
lOOk 
1M 


Frequency (Hz) 


140 


iil 120 
:2- 
c 
100 
0 
13 
Q)'ar 
80 
II: 


Q) 
'8 
60 
::; 
C: 
0 
40 
E 
E 
0 
20 
u 


0 


15 
1 
10 
100 
1k 
10k 
100k 
1M 
10M 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 


--- 
L.; 


--- 
h 


-50 
-25 
25 
50 
75 


Ambient Temperature 
(oG) 


<' 
1.5 
S 
E 
§ 
-- 
() 
-a: 
go 
'" 
0.5 


0 


-75 
-50 
-25 
25 
50 
75 
100 
125 


BURR-BROWNe 
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4 
3 


3 
N 
I 
'" 
~ 2 
~ 
% 
2 


Q) 
.~ 
;; 
a: 
-g 


'" 


Q) 


Q) 
~ 
iii 
·iii 
Cl 


10_,,_ 


1 I11II 


I 
II 
1I11II111111 


·r 
I 
T 
TI TTTTTTl 
T 111I1 rm 


+ Slew 
r 


-Slew 
_u 


10 
15 


Supply Voltage (±Vcc) 


lD~ 
" 
130 
·iii 
Cl 
fa:::; 
() 
a: 
'" 
Q. 


co 
N 
,... 


~0• 
CJ)a:wu: 
::::ia. 


== 
c:( 
-J 
c:( 
'" 
Z 
~ 0 
$ 


~ 


Q)a: 
'" 
.!!1 
'" 
a:wa.0 


For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 


~ 
10 
.. 
CD 
~ 
0 
> 
'5 
%0 
-10 


0 
25 


Time(~s) 


15 


;;;- 
.!!... 
CD 
10 
~ 
>.. 
"8 
~ 
0 
E 
E0 
0 


0 


V 


1 
•••• 
/ 


1/ 


.... 


1/ 


10 


Supply 
Vonage 
(±VcC> 


lk 


L¥ 
~ 
~ 
100 
c:~.. 
CD~ 
§; 


"- I'. 


I'.... 


"" 


100 
lk 


Frequency (Hz) 


l00pA 


10pA 


~ 
KM 


C 
lpA 
~"0 


.~ 
100 


lD 


10 


100 
150 
200 
250 


Additional 
Power Dissipation 
(mW) 


30 


c: 
Q. 


20 
~.. 
CD~ 
0> 
'5 
% 
10 
0 
" 


10k 
lOOk 


Frequency (Hz) 
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APPLICATIONS INFORMATION 


The OPA128 offset voltage is laser-trimmed 
and will require 
no further trim for most applications. 
As with most amplifi- 
ers, externally 
trimming 
the remaining 
offset can change 
drift performance 
by about O.3JlV/oC for each 
lOOJlV of 
adjusted 
effort. Note that the trim (Figure 
1) is similar to 
operational 
amplifiers 
such as HA-5180 
and AD515. 
The 
OPA128 can replace many other amplifiers 
by leaving the 
external null circuit unconnected. 


NOTE: (1) 10knto 
1MO 
Trim Potentiometer 
-vcc 
(100kn 
Recommended) 


INPUT PROTECTION 
Conventional 
monolithic FET operational 
amplifiers' 
inputs 
must be protected 
against destructive 
currents that can flow 
when input FET gate-to-substrate 
isolation 
diodes are for- 
ward-biased. 
Most BlFET" 
amplifiers 
can be destroyed 
by 


the loss of -V ceo 


Because 
of its dielectric 
isolation, 
no special protection 
is 


needed 
on the OPA 128. Of course, 
the differential 
and 


common-mode 
voltage limits should be observed. 


Static damage can cause subtle changes in amplifier 
input 
characteristics 
without necessarily 
destroying 
the device. In 
precision operational amplifiers (both bipolar and FET types), 
this may cause a noticeable degradation 
of offset voltage and 
drift. 


Static protection 
is recommended 
when handling any preci- 


sion IC operational 
amplifier. 


As in any situation 
where high impedances 
are involved, 
careful shielding is required to reduce "hum" pickup in input 
leads. If large feedback resistors are used, they should also be 
shielded 
along with the external 
input circuitry. 
Leakage 
currents across printed circuit boards can easily exceed the 
bias current of the OPAI28. 
To avoid leakage problems, it is 


recommended 
that the signal input lead of the OPA128 be 


wired to a Teflon 
standoff. 
If the input is to be soldered 
directly into a printed circuit board, utmost care must be used 
in planning 
the board 
layout. 
A "guard" 
pattern 
should 
completely 
surround 
the high impedance 
input leads and 


should be connected to a low impedance point which is at the 
signal input potential. 


BURR-BROWNe 
I~~I 
Burr-Brown Ie Data Book-Linear 
Products 


The amplifier case should be connected to any input shield or 
guard via pin 8. This insures that the amplifier itself is fully 
surrounded 
by guard potential, minimizing 
both leakage and 
noise pickup (see Figure 2). 


Non-Inverting 
Buffer 


-=- 
I 
\ 
I 
\ 


I 
I 
I 
I 


I 
I 


In 
I 
I 


\ 
In 


\ 


\ 
I 
\ 
I 
~ 
~ 


Inverting 
TO·99 Bottom View 


BOARD LAYOUT 
FOR INPUT GUARDING 
Guard top and bottom of board. 
Atternate: 
use Teflon- 
standoff 
for sensitive 
input pins. 


Tellon-E.l. 
Du Pont 
de NemotKS 
& Co. 


Triboelectric 
charge (static electricity 
generated by friction) 
can be a troublesome 
noise source from cables connected 
to 
the input of an electrometer amplifier. Special low-noise cable 
will minimize this effect but the optimum solution is to mount 
the signal source directly at the electrometer 
input with short, 


rigid, wiring to preclude microphonic 
noise generation. 


TESTING 


Accurately testing the OPA 128 is extremely difficult due to its 
high level of performance. 
Ordinary test equipment 
may not 
be able to resolve the amplifier's 
extremely low bias current. 


Inaccurate 
bias current measurements 
can be due to: 


1. Test socket leakage 


2. Unclean package 


3. Humidity or dew point condensation 


4. Circuit 
contamination 
from 
fingerprints 
or anti-static 
treatment chemicals 


5. Test ambient temperature 


6. Load power dissipation 


pH Probe 
Rs • SOOMn 


SOmV Output 


I•• 
100fA 


Gain = 100 


CMRR.118dB 


R1N"" 10150 
.- - - - - - - - - - - - - - - ~ 


2: 
2Skn 
2Skn 
's 
,,,,, 


,,,,, 


3' 
2Skn 
,,, 


: 
25kn 
Differential 
I 
~ 
~mE'~e~-': 


1 
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Silicon Detector Corp. 


50-020-11-21-011 
\ 
.....••.. 
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Ultra-Low Bias Current DifeP 
OPERATIONAL AMPLIFIER 


• 
ULTRA-LOW 
BIAS CURRENT: 
100fA max 


• 
LOW OFFSET: 
2mV max 


• 
LOW DRIFT: 10~Vf'C max 


• 
HIGH OPEN-LOOP 
GAIN: 94dB min 


• 
LOW NOISE: 
15nVNHZ 
at 10kHz 


• 
PLASTIC 
DIP and SOIC PACKAGE 


The 
OPAI29 
is an ultra-low 
bias 
current 
mono- 
lithic operational 
amplifier 
offered in an 8-pin PDIP 
and 
SO-8 
package. 
Using 
advanced 
geometry 
dielectrically-isolated 
PET (Dife~) 
inputs, this mono- 


lithic amplifier 
achieves 
a high performance 
level. 


Difet fabrication eliminates isolation-junction 
leakage 
current-the 
main contributor 
to input bias current 
with 
conventional 
monolithic 
PETs. 
This 
reduces 
input bias current by a factor of 10 to 100. Very low 
input bias current can be achieved without resorting to 
small-geometry 
PETs or CMOS 
designs 
which can 
suffer from much larger offset voltage, voltage noise, 
drift, and poor power supply rejection. 


The OPAI29's 
special pinout eliminates 
leakage cur- 


rent that occurs with other op amps. Pins I and 4 have 
no internal 
connection, 
allowing 
circuit board guard 


traces--even 
with the surface-mount 
package version. 


OPAI29 
is available in 8-pin DIP and SO-8 packages, 
specified 
for operation 
from -40°C 
to +85°C. 


• 
PHOTODETECTOR 
PREAMP 


• 
CHROMATOGRAPHY 


• 
ELECTROMETER 
AMPLIFIERS 


• 
MASS SPECTROMETER 


• 
pH PROBE AMPLIFIER 


• 
ION GAGE MEASUREMENT 


BURR-BROWNe 
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SPECIFICATIONS 


ELECTRICAL 


OPA129PB, 
UB 
OPA129P, 
U 


PARAMETER 
CONDmON 
MIN 
TYP 
I 
MAX 
MIN 
TYP 
MAX 
UNITS 
en 
INPUT BIAS CURRENTI') 
VOM =OV 
I. 
±30 
.I. 
±100 
±250 
fA 
C\I 
vs Temperature 
Doubles every 10'C 
't"'" 


INPUT OFFSET CURRENT 
VOM = OV 
±30 
fA 
~ 
OFFSET VOLTAGE 
. 
0 
Input Offset Vottage 
VOM = OV 
±O.5 
±2 
±1 
±5 
mV 
vs Temperature 
±3 
±10 
±5 
".vrc 
Supply Rejection 
Vs = ±5V to ±18V 
±3 
±100 
".VN 


NOISE 
Vottage 
f= 
10Hz 
85 
nVNHz 


f = 100Hz 
28 
nVNHz 
en 
f= 
1kHz 
17 
nVNHz 
a: 
f = 10kHz 
15 
nVNHz 


fB=0.1Hzto 
10Hz 
4 
".Vp-p 
W 
Current 
f = 10kHz 
0.1 
fANHz 
u:: 
INPUT IMPEDANCE 
~ 
Differential 
10"111 
Q IIpF 
Common-Mode 
10"112 
Q IIpF 
~ 


VOLTAGE 
RANGE 
:E 
Common-Mode 
Input Range 
±10 
±12 
V 
<C 
Common-Mode 
Rejection 
V,N =±10V 
80 
118 
dB 


OPEN·LOOP 
GAIN, DC 
..J 


Open-Loop 
Voltage Gain 
RL~2kQ 
94 
120 
dB 
<C 


FREQUENCY 
RESPONSE 
Z 


Unity Gain, Small Signal 
1 
MHz 
0 
Full Power Response 
20Vp-p, RL = 2kQ 
47 
kHz 
fi 
Slew Rate 
Vo = ±10V, RL = 2kQ 
1 
2.5 
VlJlS 
settling 
TIme: 
G = -1, RL = 2kQ, 10V Step 
0.1% 
5 
JlS 
a: 
0.01% 
10 
JlS 
W 
Overload Recovery, 50% Overdrive(2) 
G=-l 
5 
JlS 
~ 
RATED OUTPUT 
0 
Vottage Output 
RL = 2kQ 
±12 
±13 
V 
Current Output 
Vo=±12V 
±6 
±10 
mA 
Load Capacitance 
Stability 
Gain:: +1 
1000 
pF 
Short-Circuit 
Current 
±35 
±55 
mA 


POWER SUPPLY 
Rated Vottage 
±15 
V 
Voltage Range, Derated Performance 
±5 
±18 
V 
Current, Quiescent 
10= OmA 
1.2 
1.8 
mA 


TEMPERATURE 
Specification 
Ambient Temperature 
-40 
+85 
'C 
Operating 
Ambient Temperature 
-40 
+125 
. 
·c 
Storage 
-40 
+125 
'C 
Thermal Resistance 
8JA• Junction-la-Ambient 
PDIP-"P' 
90 
"CIW 
SOIC-"U" 
100 
"CIW 


The information 
provided 
herein is believed to be reliable; 
however. 
BURR· BROWN assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
10rthe use of this information, and all use of such in10rmation shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices andlor systems. 
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140 


120 


iD 
100 


:Eo 
c: 
80 
'n; 
C> 


Q) 


60 
'"~ 
0> 
40 


20 


Differential 
Input Voltage 
V- to V+ 
Input Vo~age Range 
V- to V+ 
Storage Temperature Range 
-40°C 
to +125°C 
Operating 
Temperature 
Range 
-40·C 
to +125·C 
Lead Temperature 
(soldering, 
10s; SOIC 3s) 
+300·C 
Output Short Circuit Duration{l) ... 
. 
Continuous 


Junction Temperature 
(TJ) 
+15O"C 


NOTE: (1) Short circu~ may be to power supply common at +25·C ambient. 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 


and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 
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MODEL 
PACKAGE 
NUMBER!') 


OPA129P 
8-pin Plastic DIP 
006 
OPA129PB 
8-pin Plastic DIP 
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OPA129U 
8-pin sOle 
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OPA129UB 
8-pin SOIC 
182 
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TYPICAL PERFORMANCE CURVES (CONT) 
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Supply Voltage (±Vccl 


APPLICATIONS INFORMATION 


NON-STANDARD 
PINOUT 


The OPA129 uses a non-standard 
pinout to achieve lowest 
possible 
input bias current. The negative 
power supply is 
connected to pin 5-see 
Figure I. This is done to reduce the 
leakage current from the V-supply 
(pin 4 on conventional 
op amps) 
to the op amp input terminals. 
With this new 
pinout, 
sensitive 
inputs 
are 
separated 
from 
both 
power 
supply pins. 


Io.1~F 


OFFSET 
VOLTAGE 
TRIM 


The OPAI29 
has no conventional 
offset trim connections. 
Pin I, next to the critical inverting 
input, has no internal 
connection. 
This eliminates 
a source of leakage current and 
allows guarding of the input terminals. Pin I and pin 4, next 
to the two input pins. have no internal 
connection. 
This 
allows an optimized circuit board layout with guarding-see 
"circuit board layout." 


100pAIIii== 
10pA 


~ 
E 1pA 
~"u~ 100 
iii 
10 
10 
50 100 150 200 250 300 350 


Additional 
Power Dissipation 
(mW) 


Due to its laser-trimmed 
input stage, most applications 
do 
not require external offset voltage trimming. 
If trimming 
is 
required, the circuit shown in Figure 
I can be used. Power 
supply voltages are divided down, filtered and applied to the 
non-inverting 
input. The circuit shown is sensitive to varia- 
tion in the supply 
voltages. 
Regulation 
can be added, 
if 
needed. 


GUARDING 
AND SHIELDING 


Ultra-low 
input bias current op amps require precautions 
to 
achieve best performance. 
Leakage current on the surface of 
circuit board can exceed the input bias current of the ampli- 
fier. For example, 
a circuit board resistance 
of 1012Q from 
a power supply pin to an input pin produces 
a current 
of 
15pA-more 
than one-hundred 
times the input bias current 
of the op amp. 


To minimize 
surface 
leakage, 
a guard trace should 
com- 
pletely 
surround 
the input 
terminals 
and 
other 
circuitry 
connecting 
to the inputs of the op amp. The DIP package 
should have a guard trace on both sides of the circuit board. 
The guard ring should be driven by a circuit node equal in 
potential to the op amp inputs-see 
Figure 2. The substrate, 


pin 8, should also be connected to the circuit board guard to 
assure that the amplifier 
is fully surrounded 
by the guard 
potential. This miuimizes leakage current and noise pick-up. 


Careful shielding is required to reduce noise pickup. Shield- 
ing near feedback 
components 
may also help reduce noise 
pick-up. 


Triboelectric 
effects 
(friction-generated 
charge) 
can be a 
troublesome 
source of errors. Vibration of the circuit board, 


input connectors 
and input cables can cause noise and drift. 


Make the assembly 
as rigid as possible. 
Attach cables to 
avoid motion and vibration. 
Special low noise or low leak- 
age cables 
may help reduce 
noise and leakage 
current. 
Keep 
all input connections 
as short possible. Surface-mount 
com- 
ponents may reduce circuit board size and allow a more rigid 
assembly. 
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current. Pin I and pin 4 have no internal connection. 
This 


allows ample circuit board space for a guard ring surround- 
ing the op amp input pins-even 
with the tiny SO-8 surface- 


mount 
package. 
Figure 
3 shows 
suggested 
circuit 
board 
layouts. The guard ring should be connected 
to pin 8 (sub- 


strate) as shown. It should be driven by a circuit node equal 
in potential to the input terminals of the op amp--see 
Figure 
2 for common circuit configurations. 


TESTING 


Accurately 
testing the OPAI29 
is extremely difficult due to 
its high performance. 
Ordinary 
test equipment 
may not be 


able to resolve the amplifier's 
extremely 
low bias current. 


Inaccurate 
bias current measurements 
can be due to: 


I. Test socket leakage, 


2. Unclean package, 


3. Humidity 
or dew point condensations, 


4. Circuit 
contamination 
from 
fingerprints 
or anti-static 
treatment 
chemicals, 


5. Test ambient temperature, 


6. Load power dissipation, 


7. Mechanical 
stress, 


8. Electrostatic 
and electromagnetic 
interference . 


• • •• 
Connect 
to proper circuit 


node, depending 
on circuit 
configuration 
(see Figure 2). 


GlV+ 


Gl Vo 
Glv- 


4 
5 


(A) DIP package 


•••• 
Connect 
to proper circuit 
node, depending 
on circuit 
configuration 
(see Figure 2). 


-v- 
4 
5 


(8) sale package 


FIGURE 3. Suggested Board Layout for Input Guard. 
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Circuit must be well shielded. 
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OPA130 


OPA2130 
OPA4130 


Low Power, Precision 
FET-INPUT 
OPERATIONAL 
AMPLIFIERS 


• 
LOW QUIESCENT 
CURRENT: 
530llAlamp 


• 
LOW OFFSET VOLTAGE: 
1mV max 


• 
HIGH OPEN-LOOP 
GAIN: 120dB min 


• 
HIGH CMRR: 
90dB min 


• 
FET INPUT: 
IB = 20pA max 


• 
EXCELLENT 
BANDWIDTH: 
1MHz 


• 
WIDE SUPPLY 
RANGE: ±2.25 to ±18V 


• 
SINGLE, 
DUAL, AND QUAD VERSIONS 


The OPA130 
series of PET-input 
op amps combine 
precision dc performance 
with low quiescent 
current. 


Single, dual, and quad versions have identical specifi- 
cations for maximum design flexibility. They are ideal 
for general-purpose, 
portable, 
and battery 
operated 
applications, 
especially 
with high source impedance. 


OPA130 op amps are easy to use and free from phase 
inversion 
and 
overload 
problems 
often 
found 
in 
common PET-input 
op amps. Input cascade circuitry 
provides 
excellent 
common-mode 
rejection 
and 
maintains 
low input bias current over its wide input 
voltage range. OPA130 
series op amps are stable in 


unity gain and provide 
excellent 
dynamic 
behavior 
over a wide range of load conditions, 
including 
high 


load 
capacitance. 
Dual 
and 
quad 
designs 
feature 
completely 
independent 
circuitry for lowest crosstalk 
and freedom from interaction, 
even when overdriven 
or overloaded. 


Single and dual versions 
are available 
in 8-pin DIP 
and 
SO-8 
surface-mount 
packages. 
Quad 
is 
available 
in 14-pin DIP and SO-14 
surface-mount 
packages. 
All are specified 
for -40°C 
to 
+85°C 
operation. 
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SPECIFICATIONS 


OPAl30PA, 
UA 
OPA2130PA, 
UA 
OPA4130PA. 
UA 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
±O.2 
±1 
mV 
vs Temperature(1) 
Operating 
Temperature 
Range 
±2 
±10 
Ilvrc 
vs Power Supply 
Vs = ±2.25V to ±1SV 
2 
20 
IlVN 
Channel Separation 
(dual and quad) 
0.3 
IlVN 


INPUT BIAS CURRENTt2j 
Input Bias Current 
VCM 
= OV 
+5 
±20 
pA 
vs Temperature 
See Typical Curve 
Input Offset Current 
. 
Va< = OV 
±2 
±20 
pA 


NOISE 
-Li 
~. 


Input Voltage Noise 


nV/..JHz 
Noise Density. 
f = 10Hz 
- 
30 
- 


f = 100Hz 
1S 
nVl..JHz 


f = 1kHz 
16 
nVl..JHz 


f= 
10kHz 
16 
nVt-./Hz 


Current Noise Density I f 
== 1kHz 
4 
fAl..JHz 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Voltage Range. Positive 
(V+)-2 
(V+)-1.5 
V 
Negative 
(V-)+2 
(V-)+1.2 
V 
Common-Mode 
Rejection 
VCM 
= -13V 
to +13V 
90 
105 
dB 


INPUT IMPEDANCE 
Differential 
10"111 
nil pF 
Common~Mode 
VCM = -13V 
to +13V 
10"11 
3 
nil pF 


OPEN·LOOP 
GAIN 
Open·loop 
Vo~age Gain 
Vo = -13.SV 
to +13V 
120 
135 
dB 


RL = 2kQ, Vo = -13V 
to +12V 
120 
135 
dB 


FREQUENCY 
flESPONSE 
, 


Gain~Bandwidth 
Product 
1 
MHz 
Slew Rate 
2 
VlIJ.S 


Settling Time: 0.1 % 
G = 1, 10V Step, CL = l00pF 
5.5 
IJ.S 
0.01% 
G - 1. 10V Step, CL = l00pF 
7 
IJ.S 
Overload 
Recovery Time 
G=1,V'N=±15V 
2 
IJ.S 
Total Harmonic 
Distortion + Noise 
1kHz. G = 1. Vo = 3.5Vrms 
0.0003 
% 


OUTPUT 
r 


Voltage Output, Positive 
(V+)-2 
(V+)-1.5 
V 
Negative 
(V-)+1.2 
(V-)+1 
V 
Positive 
RL = 2kQ 
(V+)-3 
(V+)-2.5 
V 
Negative 
RL = 2kQ 
(V-)+2 
(V-)+1.5 
V 
Short-Circuit 
Current 
±1S 
mA 
Capacitive 
Load Drive (Stable Operation) 
10 
nF 


POWER SUPPLY 
Specified Operating 
Voltage 
±15 
V 
Operating 
Voitage Range 
±2.25 
±1S 
V 
Quiescent 
Current (per amplifier) 
10 = 0 
±530 
±S50 
IJ.A 


TEMPERATURE 
RANGE 


Operating 
Range 
-40 
+S5 
·C 
Storage 
-40 
+125 
·C 
Thermal 
Resistance, 
8JA 
S-Pin DIP 
100 
·CIW 
SO·S Surface·Mount 
150 
·CIW 
14-Pin DIP 
SO 
·CIW 
50·14 
Surface·Mount 
110 
·CIW 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responSfblffry for tne use of tnls Information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 
Supply Voltag., 
v+ to v- 
. 
36V 
Input Voltag •.................................................. 
(V-) -{).7V 
to (V+) +0.7V 


Output 
Short-Circuit(1)... 
. 
Continuous 
Operating Temperature 
'" 
-40°C 
to +125°C 
Storage T.mperatur..... 
. 
-40'C 
to +125'C 
Junction 
Temperature 
150°C 
L.ad 
T.mperatur. 
(sold.ring, 
10s) 
. 
300'C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERt') 


Singi. 
OPA130PA 
8-Pin Plastic DIP 
006 
OPA130UA 
50-8 
Surfac.-Mount 
182 


Dual 
OPA2130PA 
8-Pin Plastic DIP 
006 
OPA2130UA 
50-8 
Surfac.-Mount 
182 


Quad 
OPA4130PA 
14-Pin Plastic DIP 
010 
OPA4130UA 
50-14 
Surfac.-Mount 
235 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


Singlo 
OPA130PA 
8-Pin Plastic DIP 
-40'C 
to +85'C 
OPA130UA 
50-8 
Surfac.-Mount 
-40'C 
to +85'C 


Dual 
OPA2130PA 
8-Pin Plastic DIP 
-40'C 
to +85'C 
OPA2130UA 
50-8 
Surface-Mount 
-40'C 
to +85'C 


Quad 
OPA4130PA 
14-Pin Plastic DIP 
-40°C 
to +85°C 
OPA4130UA 
50- I 4 Surfac.-Mount 
-40'C 
to +85'C 
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This integrated circuit can be damaged by ESD_ Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 


and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes could cause the device not to meet its~ 
published 
specifications. 
__ 
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Dual and quad devices . 
G = 1, all channels. 
Quad 
measured 
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A to D or 8 to C-other 


combinations 
yield improved 
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APPLICATIONS INFORMATION 


OP A 130 series op amps are unity-gain 
stable and suitable 
for a wide range of general-purpose 
applications. 
Power 
supply pins should be bypassed with IOIiF ceramic capaci- 
tors or larger. 


OPAl30 
op amps are free from unexpected 
output phase- 
reversal common 
with FET op amps. Many FET-input 
op 
amps exhibit 
phase-reversal 
of the output when the input 
common-mode 
voltage range is exceeded. This can occur in 
voltage-follower 
circuits, 
causing 
serious 
problems 
in 
control loop applications. 
OPA130 series op amps are free 
from this undesirable 
behavior. 
All circuitry 
is completely 
independent 
in dual and quad 
versions, 
assuring 
normal 
behavior when one amplifier in a package is overdriven 
or 
short-circuited. 


OPERATING 
VOLTAGE 


OPAI30 
series op amps operate with power supplies from 
±2.25V 
to ±18V 
with 
excellent 
performance. 
Although 
specifications 
are production 
tested 
with ± 15V supplies, 
most 
behavior 
remains 
unchanged 
throughout 
the 
full 
operating 
voltage 
range. 
Parameters 
which 
vary signifi- 
cantly 
with 
operating 
voltage 
are shown 
in the typical 
performance 
curves. 


OFFSET 
VOLTAGE 
TRIM 


Offset voltage of OP A 130 series amplifiers is laser trimmed 
and usually 
requires 
no user 
adjustment. 
The 
OPAI30 
(single op amp version) 
provides 
offset voltage trim con- 
nections on pins 1 and 5. Offset voltage can be adjusted by 
connecting 
a potentiometer 
as shown 
in Figure 
I. This 
adjustment 
should be used only to null the offset of the op 
amp, not to adjust system offset or offset produced 
by the 
signal source. 
Nulling 
offset 
that is not produced 
by the 
amplifier 
will change 
the offset voltage 
drift behavior 
of 
the op amp. 


BURR· BROWNe 
IElElI 
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10nF 
4 
r 


OPA130 single op amp only. 


Use offset adjust 
pins only to null 
offset voltage of op amp-see 
text. 


The input bias current is approximately 
5pA at room tem- 
perature 
and increases 
with temperature 
as shown 
in the 
typical performance 
curve "Input Bias Current vs Tempera- 
ture." 


Input 
stage cascode 
circuitry 
assures 
that the input bias 
current 
remains 
virtually 
unchanged 
throughout 
the full 
input common-mode 
range of the OPA130. 
See the typical 
performance 
curve "Input Bias Current vs Common-Mode 
Voltage." 


BURR-BROWN® 
1E3E31 
OPA131 
OPA2131 
OPA4131 


General Purpose 
FET-INPUT 
OPERATIONAL 
AMPLIFIERS 


FEATURES 


• 
FET INPUT: Ie = 50pA max 
oPA131 


• 
LOW OFFSET VOLTAGE: 
750~V max 
Offset Trim 
8 
NC 


• 
WIDE SUPPLY RANGE: ±4.5V to ±18V 
-In 
v+ 


• 
SLEW RATE: 10VlJ..lS 
+In 
Output 
• 
WIDE BANDWIDTH: 
4MHz 
Offset Trim 


• 
EXCELLENT 
CAPACITIVE 
LOAD DRIVE 


• 
SINGLE, 
DUAL, QUAD VERSIONS 
8-Pin DIP, 50-8 


DESCRIPTION 


oPA2131 


The OPA131 
series of FET-input 
op amps provides 
high performance 
at low cost. Single, dual and quad 
Out A 
v+ 
versions in industry-standard 
pinouts allow cost-effec- 
OutB 
tive design options. 


The OPA13 I series offers excellent 
general purpose 
+In A 
-In B 


performance, 
including 
low offset voltage, drift, and 
+In B 


good dynamic characteristics. 


Single, dual and quad versions 
are available 
in DIP 
8-Pin DIP, 50-8 


and Sale 
packages. Performance 
grades include com- 
mercial and industrial temperature 
ranges. 


oPA4131 


OPA4131 


OulA 
Out 0 


Out A 
Out 0 
-In 0 
-In 0 


+In 0 


+lnA 
+In 0 
v+ 
v- 
v+ 
v- 
+In B 
+lnC 


+In B 
+In C 


-In B 
-lnC 
-In B 
-lnC 


outB 
outC 
outB 
outC 


NC 
NC 


14~PinDJP 


50-14 
5OL-16 


BURR-BROWNe 
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SPECIFICATIONS 


OPA131PA, 
UA 
OPA131 PJ, UJ 
,... 


OPA2131PA, 
UA 
OPA2131 PJ, UJ 
('I) 
,... 
OPA4131PA, 
UA, NA 
OPA4131PJ, 
NJ 
~ 
PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
,... 


OFFSET VOLTAGE 
('I) 
,... 
Input Offset Voltage 
±0.2 
±1 
±1.5 
mV 


~ 
OPA131P, 
U models only 
±0.2 
0.75 
mV 


vs Temperature(1) 
Operating Temperature 
Range 
±2 
±10 
~VI"C 
0 
vs Power Supply 
Vs = ±4.5V to ±lSV 
50 
200 
~VN 


OPA131P, 
U models only 
50 
100 
~VN 


INPUT BIAS CURRENTf.!) 
Input Bias Current 
VCM = OV 
+5 
±SO 
pA 
vs Temperature 
See Typical Curve 
Input Offset Current 
VCM = OV 
±1 
±SO 
pA 


NOISE 
ena: 
Input Voltage Noise 
nV/,JHz 
W 
Noise Density, f - 10Hz 
21 
f = 100Hz 
16 
nV/,JHz 
u:: 
f = 1kHz 
15 
nV/,JHz 
::i 
f - 10kHz 
15 
nV/,JHz 


Current Noise Density I f = 1kHz 
3 
fAl,JHz 
0.. 


INPUT VOLTAGE 
RANGE 
:E 


Common-Mode 
Voltage Range 
(V-)+3 
(V+)-l 
V 
c:( 


Common·Mode 
Rejection 
VCM = -12V 
to +14V 
70 
SO 
dB 
..J 


OPA131P, 
U models only 
SO 
S6 
dB 
c:( 


INPUT IMPEDANCE 
Z 
Differential 
10'0 II 1 
nil pF 
0 
Common-Mode 
VOM = OV 
1012113 
nil pF 
~ 
OPEN·LOOP 
GAIN 
Open-Loop 
Vo~age Gain 
Vo= -12V 
to +12V 
94 
110 
dB 
a: 
OPA131P. 
U models only 
100 
110 
dB 
W 
FREQUENCY 
RESPONSE 
0.. 


Gain-Bandwidth 
Product 
4 
MHz 
0 
Slew Rate 
10 
VI~s 


Settling Time 0.1% 
G - -1, 
10V Step, Cl- 
100pF 
1.5 
~ 
0.01% 
G = -1, 
10V Step, Cl = 100pF 
2 
~ 
Total Harmonic 
Distortion 
+ Noise 
1kHz, G = 1, Vo = 3.5Vrms 
O.OOOS 
% 


OUTPUT 
Voltage Output, Positive 
(V+)-3 
(V+)-2.5 
V 


Negative 
(V-)+3 
(V-)+2.5 
V 


Short-Circuit 
Current 
±25 
mA 


POWER SUPPLY 
Specified Operating 
Voltage 
±15 
V 


Operating 
Voltage Range 
±4.5 
±lS 
V 


Quiescent 
Current (per amplifier) 
10= 0 
±1.5 
±1.75 
±2 
mA 


TEMPERATURE 
RANGE 
Operating 
Range 
-40 
+S5 
0 
+70 
·C 


Storage 
-40 
+125 
·C 


Thermal 
Resistance, 
(JJA 


S-Pin DIP 
100 
·CIW 
SO-S Surface-Mount 
150 
·CIW 
14-Pin DIP 
SO 
·CIW 
SO-14, SOL-16 Surface-Mount 
110 
·CIW 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR· 
BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR· BROWN product for use in life support devices and/or systems. 
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A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 
Supply Voltage, v+ to v-..... 
.. 
36V 
Input Voltage. 
.. 
(V-) -{J.7V to (v+) +0.7V 


Output 
Short-Circuit(1) 
,.. 
. 
Continuous 
Operating 
Temperature 
.. 
-4O"C to +125°C 
Storage Temperature 
-40°C 
to +125°C 
Junction 
Temperature 
.._ 
150°C 
Lead Temperature 
(soldering, 
10s) 
300°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


Single 
OPA131PJ 
8-Pin Plastic DIP 
006 
OPA131PA 
6-Pin Plastic DIP 
006 
OPA131P 
8-Pin Plastic DIP 
006 
OPA131UJ 
50-8 
Surface-Mount 
182 
OPA131UA 
50-8 
Surface-Mount 
182 
OPA131U 
50-8 
Surface-Mount 
182 


Dual 
OPA2131PJ 
8-Pin Plastic DIP 
006 
OPA2131PA 
8-Pin Plastic DIP 
006 
OPA2131UJ 
50-8 
Surface-Mount 
182 
OPA2131UA 
50-8 
Surface-Mount 
182 


Quad 
OPA4131PJ 
14-Pin Plastic DIP 
010 
OPA4131PA 
14-Pin Plastic DIP 
010 
OPA4131UA 
SOL-16 Surface-Mount 
211 
OPA4131NJ 
50-14 
Surface-Mount 
235 
OPA4131NA 
50-14 
Surface-Mount 
235 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


Single 
OPA131PJ 
8-Pin Plastic DIP 
o to +70°C 
OPA131PA 
8-Pin Plastic DIP 
-40°C 
to +85°C 
OPA131P 
8-Pln Plastic DIP 
-40°C 
to +85°C 
OPA131UJ 
50-8 
Surface-Mount 
o to +70°C 
OPA131UA 
50-8 
Surface-Mount 
-40OC to +85°C 
OPA131U 
50-8 
Surface-Mount 
-40°C 
to +85°C 


Dual 
OPA2131PJ 
8-Pin Plastic DIP 
o to +70°C 
OPA2131PA 
8-Pin Plastic DIP 
-40°C 
to +85°C 
OPA2131UJ 
50-8 
Surface-Mount 
o to +70°C 
OPA2131UA 
50-8 
Surface-Mount 
-40°C 
to +85°C 


Quad 
OPA4131PJ 
14-Pin Plastic DIP 
o to +70°C 
OPA4131PA 
14-Pin Plastic DIP 
-40°C 
to +85°C 
OPA4131UA 
SOL-16 Surface-Mount 
-40°C 
to +85°C 
OPA4131NJ 
50-14 
Surface-Mount 
o to +70°C 
OPA4131NA 
50-14 
Surface-Mount 
-40°C 
to +85°C 


This integrated circuit can be damaged by ESD_ Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes could cause the device not to meet its 
published 
specifications. 
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TYPICAL PERFORMANCE CURVES 
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Dual and quad devices. 
" 
G :: 1, all channels. 
-R 
= 2kil 
""'- 


Quad 
measured 
channel 
- 
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combinations 
yield improv 00- 
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Typical 
production 
distribution 


of packaged 
units. 
Single, 


dual 
and quad 
units included 
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TYPICAL PERFORMANCE CURVES (CONT) 
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RL: 
2kn 


Higher RL value 
/II 
generally 
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overshoot. 
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APPLICATIONS 
INFORMATION 


OPA131 
series op amps are unity-gain 
stable and suitable 
for a wide range 
of general-purpose 
applications. 
Power 
supply pins should be bypassed 
with lOnF ceramic capaci- 


tors or larger. 


OPAl31 
series op amps are free from unexpected 
output 
phase-reversal 
common 
with FET op amps. Many 
FET- 
input op amps exhibit phase-reversal 
of the output when the 
input common-mode 
voltage 
range is exceeded. 
This can 
occur in voltage-follower 
circuits, causing serious problems 
in control 
loop applications. 
All circuitry 
is completely 
independent 
in dual and quad versions, 
assuring 
normal 
behavior when one amplifier in a package 
is overdriven 
or 
short-circuited. 


The 
OPA131 
(single 
op amp 
version) 
provides 
offset 
voltage 
trim connections 
on pins I and 5. Offset voltage 
can be adjusted by connecting 
a potentiometer 
as shown in 
Figure 
1. This adjustment 
should be used only to null the 
offset of the op amp, not system offset or offset produced 
by the signal source. 


INPUT BIAS CURRENT 


The input bias current is approximately 
5pA at room tem- 
perature 
and increases 
with temperature 
as shown 
in the 
typical performance 
curve "Input Bias Current vs Tempera- 
ture." 


Input bias current 
also varies with common-mode 
voltage 
and power supply voltage. This variation is dependent on the 
voltage between 
the negative 
power supply and the com- 
mon-mode 
input voltage. The effect is shown in the typical 
curve "Input Bias Current vs Common-Mode 
Voltage." 
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OPA2132 
OPA4132 


High Speed 
FET-INPUT 
OPERATIONAL 
AMPLIFIERS 


• 
FET INPUT: 
IB = 50pA 
max 


• 
WIDE BANDWIDTH: 
8MHz 


• 
HIGH SLEW RATE: 20Vl~ 


• 
LOW NOISE: 8nVl~ 
(1kHz) 


• 
LOW DISTORTION: 
0.00008% 


• HIGH OPEN-LOOP 
GAIN: 130dB (6000 
load) 


• 
WIDE SUPPLY 
RANGE: 
±2.5 to ±18V 


• 
LOW OFFSET 
VOLTAGE: 
500llV 
max 


• 
SINGLE, 
DUAL, AND QUAD VERSIONS 


The OPA132 
series of FET-input 
op amps provides 
high-speed 
and excellent dc performance. 
The combi- 
nation of high slew rate and wide bandwidth 
provide 
fast settling time. Single, dual, and quad versions have 
identical 
specifications 
for maximum 
design flexibil- 
ity. High 
performance 
grades 
are available 
in the 
single and dual versions. 
All are ideal for general- 
purpose, 
audio, data acquisition 
and communications 
applications, 
especially 
where high source impedance 
is encountered. 


OPA132 op amps are easy to use and free from phase 
inversion 
and 
overload 
problems 
often 
found 
in 
common 
FET-input 
op amps. Input cascode circuitry 
provides 
excellent 
common-mode 
rejection 
and 
maintains 
low input bias current over its wide input 
voltage range. OPA132 
series op amps are stable in 
unity gain and provide 
excellent 
dynamic 
behavior 
over a wide range of load conditions, 
including 
high 


load 
capacitance. 
Dual 
and quad 
versions 
feature 
completely 
independent 
circuitry for lowest crosstalk 
and freedom from interaction, 
even when overdriven 
or overloaded. 


Single and dual versions 
are available 
in 8-pin DIP 
and 
50-8 
surface-mount 
packages. 
Quad 
is 


available 
in 14-pin DIP and 50-14 
surface-mount 
packages. 
All 
are 
specified 
for --40°C 
to +85°C 
operation. 


OPA4132 


Out 0 


-In 0 


+In 0 


+lnC 


-lnC 


OutC 


14-Pin DIP 


80-14 


BURR-BROWNe 
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OPA132PA, 
UA 
OPA132P, 
U 
OPA2132PA, 
UA 
OPA2132P, 
U 
OPA4132PA, 
UA 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
±0.25 
±D.5 
±0.5 
±2 
mV 
vs Temperature(l) 
Operating 
Temperature 
Range 
±2 
±10 
~vrc 
vs Power Supply 
Vs: 
±2.5V to ±18V 
5 
15 
30 
~VN 
Channel Separation 
(dual and quad) 
RL: 
2kn 
0.2 
~VN 


INPUT BIAS CURRENT 
Input Bias Current(2} 
VCM = OV 
+5 
±50 
pA 
vs Temperature 
See Typical Curve 


Input Offset Current(2) 
VCM: 
OV 
±2 
±50 
pA 


NOISE 
Input Voltage Noise 
nV/% 
Noise Density, 
f:::l: 
10Hz 
23 
f = 100Hz 
10 
nV/% 
f: 
1kHz 
8 
nV/% 
f = 10kHz 
8 
nVl% 
Current Noise Density, f :: 1kHz 
3 
fN% 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Voltage Range 
(V-)+2.5 
±13 
(V+)-2.5 
V 
Common-Mode 
Rejection 
VCM= -12.5V 
to +12.5V 
96 
100 
86 
94 
dB 


INPUT IMPEDANCE 
Differential 
10'3112 
011 pF 
Common-Mode 
VCM: 
-12.5V 
to +12.5V 
10'3116 
011 pF 


OPEN·LOOP 
GAIN 


Open· Loop Voltage Gain 
RL = 10kO, Vo = -14.5V 
to +13.8V 
110 
120 
104 
dB 


RL: 
2kn, Vo= 
-13.8V 
to +13.5V 
110 
126 
104 
120 
dB 


RL = 6000, 
Vo = -12.8V 
to +12.5V 
110 
130 
104 
120 
dB 


FREQUENCY 
RESPONSE 


Gain·Bandwidth 
Product 
8 
MHz 
Slew Rate 
±20 
VI~s 
Settling Time: 0.1% 
G: 
-1, 
10V Step, CL = 100pF 
0.7 
~s 
0.01% 
G = -1, 
10V Step, CL = 100pF 
1 
~s 
Overload 
Recovery Time 
G =±1 
0.5 
~s 


Total Harmonic 
Distortion + Noise 
1kHz, G • 1, Vo = 3.5Vrms 


RL= 
2kn 
0.00008 
% 


RL= 
6000 
0.00009 
% 


OUTPUT 
Voltage Output, Positive 
RL = 10kn 
(V+)-1.2 
(V+)-Q.9 
V 


Negative 
(V-)+0.5 
(V-)+0.3 
V 
Positive 
RL = 2kn 
(V+)-1.5 
(V+)-1.2 
V 


Negative 
(V-)+1.2 
(V-)+0.9 
V 
Positive 
RL= 
6000 
(V+)-2.5 
(V+)-2.0 
V 
Negative 
(V-)+2.2 
(V-)+1.9 
V 
Short-Circuit 
Current 
±40 
mA 
Capacitive 
Load Drive (Stable Operation) 
See Typical Curve 


POWER SUPPLY 
Specified Operating 
Voltage 
±15 
V 
Operating 
Voltage Range 
±2.5 
±18 
V 
Quiescent 
Current (per ampiifier) 
10= 0 
±4 
±4.8 
mA 


TEMPERATURE 
RANGE 


Operating 
Range 
-40 
+85 
°C 
Storage 
-40 
+125 
°c 


Thermal 
Resistance, 
8JA 
8·Pin DIP 
100 
°CIW 
SO-8 Sunace·Mount 
150 
°CIW 
14·Pin DIP 
80 
°CIW 
SO-14 Sunace·Mount 
110 
°CIW 


'Specifications 
same as OPA132P, 
OPA132U. 


NOTES: 
(1) Guaranteed 
by wafer test. (2) High-speed 
test at TJ : 
25°C. 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 


no responsibility for the use of this information, and 311uso of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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A 
ELECTROSTATIC 
J.l:ita. DISCHARGE SENSITIVITY 


Supply Voltage, v+ to v- 
36V 
Input Voltage 
(V-) -{).7V to (v+) +0.7V 


Output 
Short-Circuit(1) 
.. 
.. Continuous 
Operating Temperature. 
. .. -40°C 
to +125°C 
Storage Temperature 
-4O"C to +12S'C 


Junction 
Temperature 
. 
150"C 


Lead Temperature 
(soldering, 
10s) 
300'C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


Single 
OPA132PA 
8-Pin Plastic DIP 
006 
OPA132P 
8-Pin Plastic DIP 
006 
OPA132UA 
50·8 
Surtace-Mount 
182 
OPA132U 
50-8 
Surtace-Mount 
182 


Duel 
OPA2132PA 
8·Pin Plastic DIP 
006 
OPA2132P 
8-Pin Plastic DIP 
006 
OPA2132UA 
50·8 
Surtace-Mount 
182 
OPA2132U 
50-8 
Surtace·Mount 
182 


Quad 
OPA4132PA 
14-Pin Plastic DIP 
010 
OPA4132UA 
S0-14Surtaee-Mount 
23S 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


Single 
OPA132PA 
8-Pin Plastic DIP 
-40-C 
to +8S'C 
OPA132P 
8-Pin Plastic DIP 
-40'C 
to +8S'C 
OPA132UA 
50·8 
Surtace·Mount 
-40'C 
to +8S'C 
OPA132U 
50-8 
Surtace-Mount 
-40-C 
to +8S'C 


Dual 
OPA2132PA 
8·Pin Plastic DIP 
-40'C 
to +8S'C 
OPA2132P 
a-Pin Plastic 
DIP 
-40°C 
to +85°C 
OPA2132UA 
50-8 
Surtace-Mount 
-40°C 
to +85°C 
OPA2132U 
50-8 
Surtace-Mount 
-40'C 
to +8S'C 


Quad 
OPA4132PA 
14-Pin Plastic DIP 
-40'C 
to +8S'C 
OPA4132UA 
SO-14Surtace-Mount 
-40'C 
to +8S'C 
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This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 


parametric 
changes 
could cause the device not to meet its•• 


published 
specifications. 
••• 


For Immediate Assistance, Contact Your Local Salesperson 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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production 
distribution 
of packaged 
units. Single, 


dual and quad units included. 


Typical production 


distribution 
of packaged 


units. Single. 
dual and 


quad units included. 
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Frequency (Hz) 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CO NT) 
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OPA 132 series op amps are unity-gain 
stable and suitable 
for a wide range of general-purpose 
applications. 
Power 
supply pins should be bypassed with 10nF ceramic capaci- 
tors or larger. 


OPA132 
op amps are free from unexpected 
output phase- 
reversal 
common 
with PET op amps. Many PET-input 
op 
amps exhibit phase-reversal 
of the output when the input 
common-mode 
voltage range is exceeded. This can occur in 
voltage-follower 
circuits, 
causing 
serious 
problems 
in 
control loop applications. 
OPA 132 series op amps are free 
from this undesirable 
behavior. 
All circuitry is completely 
independent 
in dual and quad versions, 
assuring 
normal 
behavior when one amplifier in a package is overdriven 
or 
short-circuited. 


OPERATING 
VOLTAGE 


OPA132 
series op amps operate with power supplies from 
±2.5V 
to ±18V 
with 
excellent 
performance. 
Although 
specifications 
are production 
tested 
with ± 15V supplies, 


most 
behavior 
remains 
unchanged 
throughout 
the 
full 
operating 
voltage 
range. 
Parameters 
which 
vary signifi- 
cantly 
with 
operating 
voltage 
are shown 
in the typical 
performance 
curves. 


OFFSET 
VOLTAGE 
TRIM 


Offset voltage of OP A 132 series amplifiers is laser trimmed 
and usually 
requires 
no user 
adjustment. 
The 
OPA 132 
(single op amp version) 
provides 
offset voltage trim con- 
nections on pins I and 8. Offset voltage can be adjusted by 
connecting 
a potentiometer 
as shown 
in Figure 
1. This 
adjustment 
should be used only to null the offset of the op 
amp, not to adjust system offset or offset produced 
by the 
signal 
source. 
Nulling 
offset 
could 
degrade 
the 
offset 
voltage 
drift 
behavior 
of the op amp. 
While 
it is not 
possible 
to predict 
the exact change 
in drift, the effect is 
usually 
small. 


BURR-BROWNiI 
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OPA 132 single op amp only. 


Use offset adjust 
pins only to null 
offset voltage 
of op am~ee 
text 


INPUT 
BIAS CURRENT 


The PET-inputs 
of the OPA132 
series provide 
very low 
input bias current and cause negligible errors in most appli- 
cations. 
For applications 
where 
low input bias current 
is 
crucial, junction 
temperature 
rise should be minimized. 
The 
input bias current 
of PET-input 
op amps 
increases 
with 
temperature 
as shown 
in the typical 
performance 
curve 
"Input Bias Current vs Temperature." 


The 
OPA132 
series 
may be operated 
at reduced 
power 
supply voltage to minimize power dissipation 
and tempera- 
ture rise. Using ±3V supplies reduces power dissipation 
to 
one-fifth that at ±15V. 


The dual and quad versions have higher total power dissipa- 
tion than the single, leading to higher junction 
temperature. 


Thus, a warmed-up 
quad will have higher input bias current 
than a warmed-up 
single. Furthermore, 
an SOIC will gener- 
ally have higher junction temperature 
than a DIP at the same 
ambient temperature 
because 
of a larger 
(}JA- Refer to the 
specifications 
table. 


Circuit board layout can also help minimize junction 
tem- 
perature rise. Temperature 
rise can be minimized 
by solder- 
ing the devices to the circuit board rather than using a socket. 
Wide copper traces will also help dissipate the heat by acting 
as an additional 
heat sink. 


Input 
stage cascode 
circuitry 
assures 
that the input bias 
current 
remains 
virtually 
unchanged 
throughout 
the full 
input common-mode 
range of the OPA132 series. 
See the 
typical performance 
curve "Input Bias Current vs Common- 
Mode Voltage." 


BURR - BROWN® 
I~~I 
OPA177 


OPA77 


Precision 
OPERATIONAL 
AMPLIFIER 


• 
LOW OFFSET 
VOLTAGE: 
10J.1Vmax 


• 
LOW DRIFT: O.1J.1Vf'C 


• 
HIGH OPEN·LOOP 
GAIN: 130dB min 


• 
LOW QUIESCENT 
CURRENT: 
1.5mA typ 


• 
REPLACES 
INDUSTRY·STANDARD 
OP 
AMPS: OP-07, 
OP-77, OP-177, 
AD707, 


ETC. 


The OPAl77 
and OPA77 precision 
bipolar op amps 
feature very low offset voltage and drift. Laser-trimmed 
offset, drift and input bias current virtually eliminate 
the need for costly 
external 
trimming. 
Their 
high 
performance 
and low cost make them ideally suited to 
a wide range of precision 
instrumentation. 


The low quiescent current of the OPAl77 
and OPA77 
dramatically 
reduce warm-up 
drift and errors due to 


• 
PRECISION 
INSTRUMENTATION 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
BRIDGE 
AMPLIFIER 


• 
THERMOCOUPLE 
AMPLIFIER 


thermoelectric 
effects in input interconnections. 
They 
provide an effective 
alternative 
to chopper-stabilized 
amplifiers. The low noise of the OPAl77 
and OPA 77 
maintains 
accuracy. 


OPAl77 
and OPA 77 performance 
gradeouts are avail- 
able. Packaging 
options 
include 
8-pin plastic 
DIP, 


8-pin ceramic DIP, and SO-8 surface-mount 
packages. 


BURR~BROWN. 
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OPA 177 SPECIFICATIONS 


OPAl77E 
OPAl77F 
OPAl77G 
f2 
PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
I"- 
OFFSET VOLTAGE 
,.... 


Input Offset Voltage 
4 
10 
10 
25 
20 
60 
~V 
~ 
Long-Term 
Input Offset(1) 
0.2 
0.3 
0.4 
~VlMo 
Voltage Stability 
0 
Offset 
Adjustment 
Range 
Rp.20kn 
±3 
mV 
Power Supply Rejection 
Ratio 
Vs= ±3V to ±18V 
120 
125 
115 
110 
120 
dB 


INPUT BIAS CURRENT 
Input Offset Current 
0.3 
1 
1.5 
2.8 
nA 
Input Bias Current 
0.5 
±1.5 
±2 
±2.8 
nA 


NOISE 
en 
Input Noise Voltage 
1Hz to 1ooHz(2) 
85 
150 
nVrrns 
a: 
Input Noise 
Current 
1Hz to 100Hz 
4.5 
pArms 


INPUT IMPEDANCE 
W 


Input 
Resistance 
Differential 
Mode(3) 
26 
45 
18.5 
MO 
u: 
Common-Mode 
200 
GO 
:J 
INPUT VOLTAGE 
RANGE 
a. 


Common-Mode 
Input Range(4) 
±13 
±14 
V 
~ 
Common-Mode 
Rejection 
VCM= ±13V 
130 
140 
115 
dB 


OPEN-LOOP 
GAIN 
R, ~ 2kn 
« 


Large Signal Voltage 
Gain 
Vo= ±10V(5) 
5000 
12000 
2000 
6000 
VlmV 
..J 


OUTPUT 
« 


Output Voltage Swing 
R, ~ 10kn 
±13.5 
±14 
V 
Z 
R,~ 
2kn 
±12.5 
±13 
V 
0 
R,~ 
1kn 
±12 
±12.5 
V 


~ 


Open-Loop 
Output 
Resistance 
60 
0 


FREQUENCY 
RESPONSE 
Slew Rate 
R,~ 
2kn 
0.1 
0.3 
VI~ 
a: 
Closed-Loop 
Bandwidth 
G = +1 
0.4 
0.6 
MHz 
W 


POWER SUPPLY 
a. 


Power 
Consumption 
Vs = ±15V, No Load 
40 
60 
mW 
0 
Vs = ±3V, No Load 
3.5 
4.5 
mW 
Supply Current 
Vs = ±15V, No Load 
1.3 
2 
mA 


ELECTRICAL 


At Vs;: 
±15V, -40°C 
s: T.•.s; +85°C, unless otherwise noted. 


OFFSET VOLTAGE 
Input Offset Voltage 
10 
20 
15 
40 
20 
100 
~V 
Average 
Input Offset 
0.03 
0.1 
0.1 
0.3 
0.7 
1.2 
~V"C 
Voltage Drift{') 


Power Supply Rejection 
Ratio 
Vs = ±3V to ±18V 
120 
125 
110 
120 
106 
115 
dB 


INPUT BIAS CURRENT 
Input Offset 
Current 
0.5 
1.5 
2.2 
4.5 
nA 
Average 
Input Offset 
Current 
1.5 
25 
40 
85 
pArC 


Drift{7J 


Input Bias Current 
0.5 
±4 
±6 
nA 
Average 
Input Bias Current 
8 
25 
40 
15 
60 
pArC 
Drift(7) 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±13 
±13.5 
V 
Common-Mode 
Rejection 
VCM- 
±13V 
120 
140 
. 
110 
dB 


OPEN·LooP 
GAIN 
Large Signal Voltage Gain 
R, ~ 2kn, Vo= ±10V 
2000 
6000 
1000 
4000 
VlmV 


OUTPUT 
Output Voltage SWing 
R,~ 
2kn 
±12 
±13 
V 


POWER SUPPLY 


Power 
Consumption 
Vs' 
±15V, No Load 
60 
75 
mW 
Suppiy Current 
Vs=±15V, 
No Load 
2 
2.5 
mA 


• Same 
as spectfication 
for product 
to left. 


NOTES: 
(1) Long-Term 
Input Offset Voltage 
Stability refers to the averaged 
trend line of Vos vs time over extended 
periods after the first 30 days of operation. 
Excluding 
the initiai hour of operation, changes in Ves during the first 30 operating days are typically less than 2~V. (2) Sample tested. (3) Guaranteed by design. (4) Guaranteed 
by CMRR test condition. (5) To insure high open-loop gain throughout the±10Voutput 
range, AOL is tested at-10V~ 
Vo ~ OV,OV~ Vo ~ +10V, and-10V 
~ Vo~ +10V. 


(6) OP177EZ and OP177FZ: TCVes is 100% tested. (7) Guaranteed 
by end-point limits. 
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OPA77 SPECIFICATIONS 


ELECTRICAL 


At Vs:c ±15V, TA 
"" +25°C unless otherwise noted. 


OPAnE 
OPAnF 
OPAnG 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
10 
25 
20 
60 
50 
100 
llV 
Long-Term 
Input Offset 
0.3 
0.4 
llVlMo 
Vonage Stability<') 
Offset Adjustment 
Range 
RTR1M"" 
20kO 
±3 
mV 
Power Supply Rejection Ratio 
Vs - ±3V to±18V 
0.7 
3 
llYN 


INPUT BIAS CURRENT 
Input Offset Current 
0.3 
1.5 
2.8 
nA 
Input Bias Current 
1.2 
±2 
±2.8 
nA 


NOISE 
Input Noise Voltage 
0.1 Hz to 10Hz!') 
0.35 
0.6 
0.38 
0.65 
llVP-P 
Input Noise Voltage Density 
I: 
10Hz(2) 
8.5 
18 
20 
nVl,[Hz 


I: 
100Hz(') 
7.5 
13 
13.5 
nVl,[Hz 


I = 1000Hz(') 
7.5 
11 
11.5 
nVl,[Hz 


Input Noise Current 
0.1Hz to 10Hz 
35 
pAp-p 


Input Noise Current Density 
t= 10Hz 
0.73 
pAl,[Hz 


I = 100Hz 
0.26 
pAl,[Hz 


I - 1000Hz 
0.22 
pAl,[Hz 


INPUT RESISTANCE 
Differential Input Resistance(3} 
26 
45 
18.5 
MO 
Common-mode 
Input Resistance 
200 
GO 


INPUT VOLTAGE 
RANGE 
Common Mode Input Range 
±13 
±14 
V 
Common-Mode 
Rejection 
VCM :±13V 
0.1 
1 
1.6 
llYN 


OPEN·LOOP 
GAIN 
Large-Signal 
Voltage Gain 
RL ~ 2kQ. Vo = ±10V 
5000 
12000 
2000 
6000 
V/mV 


OUTPUT 
Output Vonage Swing 
RL~10kQ 
±13.5 
±14 
V 
RL~2kQ 
±12.5 
±13 
V 
RL~ lkQ 
±12 
±12.5 
V 
Open-Loop 
Output Resistance 
60 
0 


FREQUENCY 
RESPONSE 
Slew Rate 
RL~2kQ 
0.1 
0.3 
VlllS 
Closed-Loop 
Bandwidth 
AVCL= 
+1 
0.4 
0.6 
MHz 


POWER SUPPLY 
Power Consumption 
Vs: 
±15V. No Load 
50 
60 
mW 
Vs = ±3V. No Load 
3.5 
4.5 
mW 


ELECTRICAL 


At Vs: 
±15V. -25°C 
S T. S +85°C lor OPA77EZ and OPA77FZ. O°C S T. S +70°C lor OPA77FP and OPA77GP. 
unless otherwise noted. 


OFFSET VOLTAGE 
Input Offset Voltage 
Z Package 
10 
45 
20 
100 
llV 
P Package 
10 
55 
20 
100 
80 
150 
llV 
Average Input Offset(") 
Z Package 
0.1 
0.3 
0.2 
0.6 
llV/oC 
Voltage Drift 
P Package 
0.3 
0.6 
0.4 
1 
0.7 
1.2 
llV/oC 
Power Supply Rejection Ratio 
Vs=±3Vto±18V 
, 
3 
5 
. 
llYN 


INPUT BIAS CURRENT 
Input Offset Current 
0.5 
2.2 
4.5 
nA 
Avg Input Offset Current Drift(5) 
1.5 
40 
85 
pArC 
Input Bias Current 
2.4 
±4 
±6 
nA 
Avg Input Bias Current Drift<51 
8 
40 
15 
60 
pArC 


INPUT VOLTAGE 
RANGE 
Common Mode Input Range 
±13 
±13.5 
V 
Common-Mode 
Rejection 
VCM = ±13V 
0.1 
1 
3 
llYN 


OPEN·LOOP 
GAIN 
Large Signal Voltage Gain 
RL ~ 2kQ. Vo = ±10V 
2000 
6000 
1000 
4000 
V/mV 


OUTPUT 
Output Voltage Swing 
Rl~2kO 
±12 
±13 
V 


POWER SUPPLY 
Power Consumption 
Vs: 
±15V. No Load 
60 
75 
mW 


• Same as specification 
for product to left. NOTES: (1) Long-Term Input Offset Voltage Stability refers to the averaged trend line of Vos vs time over extended period 
after the first 30 days of operation. Excluding the initial hour of operation, changes in Vas during the first 30 operating days are typically 2.5JJ.V.(2) Sample tested. (3) 
Guaranteed 
by design. (4) OPA77E: TCVos is 100% tested on Z package. (5) Guaranteed 
by end-point limits. 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products 
II::II:=-I 


MODEL 
PACKAGE 
TEMP. RANGE 


OPA177FP 
8-Pin Plastic DIP 
-400(; 
to +85·C 
OPA177GP 
8-Pin Plastic DIP 
-40·C 
to +85·C 
OPA177GS 
SO-8 Surface-Mount 
-400(; 
to +85·C 
OPA177EZ 
8·Pin Ceramic DIP 
-400(; 
to +85·C 
OPA177FZ 
8·Pin Ceramic DIP 
-400(; 
to +85·C 
OPA177GZ 
a-Pin Ceramic 
DIP 
-40·C 
to +85·C 


OPA77FP 
8-Pin Plastic DIP 
O·C to +70·C 
OPA77GP 
a-Pin Plastic DIP 
O·C to +70·C 
OPA77EZ 
a-Pin Ceramic DIP 
-25·C 
to +85·C 
OPA77FZ 
8-Pin Ceramic DIP 
-25·C 
to +85·C 


BURR-BROWN. 
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PAD 
FUNCTION 


I 
Offset Trim 
2 
-In 
3 
+In 
4 
V- 
5 
NC 
6 
Vo 


7 
V+ 
8 
Offset Trim 


MILS (O_OOl"j 
MILLIMETERS 


Die Size 
63x92t5 
1.60x2.34tO.13 
Die Thickness 
20t3 
0.51 ±D.08 
Min. Pad Size 
4x4 
0.10xO.10 


Transistor 
Count 
46 
Backing 
Gold 


Power Supply Vo~age 
Differential 
Input Voltage 
Input Voltage 
. 


Output Short Circuit 
Operating Temperature: 


Ceramic DIP (Z) 
-55·C 
to +125·C 
Plastic DIP (P), SO-8 (S).. 
. 
-40·C 
to +85·C 
OJ, (PDIP) 
100·CIW 
OJ' (SOIC) 
160·CIW 
OJ' (Ceramic) 
148·CIW 
Storage Temperature: 


Ceramic 
DIP (Z).. 
.... ~50(; 
to +150·C 
Plastic DIP (P), SO-8 (S) 
~·C 
to +125·C 


Junction Temperature 
+1500C 


Lead Temperature 
(soldering, 
10s) P, Z packages 
+300·C 


(soldering, 
3s) S package 
+260·C 


..................... 
.. 
t22V 


............................... 
...t30V 


............................ 
tVs 
. 
Continuous 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


OPAl77FP 
8-Pin Plastic DIP 
006 
OPA177GP 
8-Pin Plastic DIP 
006 
OPAl77GS 
SO-8 Surface-Mount 
182 
OPA177EZ 
a-Pin Ceramic DIP 
254 
OPA177FZ 
a-Pin Ceramic DIP 
254 
OPA177GZ 
8-Pin Ceramic 
DIP 
254 


OPA77FP 
8-Pin Plaslic DIP 
006 
OPA77GP 
8-Pin Plastic DIP 
006 
OPA77EZ 
a-Pin Ceramic DIP 
254 
OPA77FZ 
8-Pin Ceramic DIP 
254 


For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES 


~ 
0.1 


z 
+ 
0:I: 
f- 
0.01 


A = 2OdB, 3Vrms, 10kn load 


Noninvertin~~ 
~'Inverting 


I 
I 
I I-I 


30;J.!z low pa~s filt~redl 
II 


II II 


10k 


Frequency (Hz) 


17.5 


15 


12.5 


~ 
10 


>8 
7.5 


5 


2.5 


Vs = ±18V 


Vs = ±15V 


Vs = ±12V 


Vs' 
±15V 


12 
18 
24 


lOUT (mAl 


§.- 
E ~ 
20 
" " 
C> 
C> 
fa ~ 
15 
'" 
0 
u> 
~! 
10 
g5 
~ 


30 
40 
50 


Time (s) 


-17.5 


-15 


-12.5 


~ 
-10 
J 
-7.5 


--.5 


-2.5 


I 


Vs ~±18V 


Vs ~ ±15V 


I 


Vs = ±12V 


Vs =1±15V 


-4 
-6 
-6 


-lour 
(mA) 


-.......-- 
/ -- 


:> 
2 
a 
"~ 
1 
'"'"u 
"~g 
-1 


~o 
-2 


15 
30 
45 
60 
75 
90 
105 
120 


Time from Power Supply Turn-On (s) 


100 


80 
in 
:g. 


60 
.~ 
Cl 
0. 
40 
g 
...Ji 
20 
u 
0 


" 
•...• 


r"-r-.. 


" 


" 
lk 
10k 
lOOk 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 


160 


140 


CD 
120 
3'!. 
" 
100 
'iij 
CJ 
a. 
80 
8 
...J 
60 
c= 
'"a. 
0 
40 


20 


~li~1 


1\ 
t-- 
Phase 


t-- 


45 
~l' 
C> 
'"e. 


90 
;E., 
(J) 


135 ~ 
Q. 


10 
100 
1k 


Frequency (Hz) 


POWER SUPPLY REJECTION 
vs FREQUENCY 
150 
,- 
- 


- 
- 
f--- 
- 


~ 
130 - 
- 
f--- 
- 


" 
= 
'" 


f--- 
- 
i110 - 
- 
f--- 
- 


II: 
- 
- 
R: 
- 
t 
90 - 
- 
f--- 
- 


(J) 
- 
Ii; 
- 
- 
f--- 


"- 
;0 
0 
70 - 
- 
f--- 
- 
Q. 


- 
- 
- 
" 
50 - 
- 
- 
- 
0.1 
1 
10 
100 
1k 
10k 


Frequency (Hz) 


10 


~ 


31 
'0z 
(J) 
::! 
0.1 
II: 


II 


I.-'"' 


lk 
10k 


Bandwidth (Hz) 
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'" 
- 
~ 


- 
'" 
.•... 


- 
~ 


- 
0 
- -- 


- 


CMRR vs FREQUENCY 
150 ,- 
,- 
~ 
- 


140 
"'""" 
h: 
- 


130 '- 
f--- 
- 


CD 
f--- 
f--- 
- 
3'!. 120 
II: 
II: 
f--- 
f--- 
- 
::! 
110 
() 


100 
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f--- 
" 
90 I- 
f--- 


80 '- 
'- 
- 
10 
100 
lk 


Frequency (Hz) 


;<-.s 
E 
~ 
() 
~ 
0 
5 
a. 
.5.., 
".•~ 
-1 
iIi 


=>~ 
--- 
I. 
=::::::::r--- 


105 


10 
35 


Temperature 
(0C) 


~ 


~ 
100 
'"~ 
,g 


31'0 
10 
z 


100 


Frequency (Hz) 


tJ)a: 
lOOk 
W 
u::::i 
Q. 
:E 
<C 
..J 
<Czo 


~a: 
W 
Q.o 


L~111 


1\ 
RL·2kn 


"" 


Q) 
24 
" 
:[ 
20 
~ 
m 
16 


a. 
12i 


10k 
100k 


Frequency (Hz) 


20 


~ 
15 


~ 
<5 
10 


E" 
E 
.~ 
::;; 


I II 


Positive 
qulput 
- 
- 
....... 
I 


!J 
Negative 
Outout 


/ 


.J 
II 


lk 


Load Resistance to Ground (0) 


A 
ELECTROSTATIC 


J.J».. DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
ESD can cause 
damage 
ranging 


from subtle performance 
degradation 
to complete 
device 
failure. Precision 
integrated 
circuits may be more suscep- 
tible 
to damage 
because 
very 
small 
parametric 
changes 


could cause the device not to meet published specifications. 


100 


~.s 
c0aI 
10 


0 
U 
Q; 
;0 
0 
a. 


- 
..--...- 


/' V 


1/ 


10 
20 
30 


Total Supply Vo~age (V) 


40 
«.s 
35 
c 
~ 
u 
30 


'5~ 
<3.: 
25 
~ 
(/J 
" 
20 
% 
0 


-Isc+/ 
I 
Isc- 


Burr-Brown's 
standard 
ESD test method 
consists 
of five 


lOOOY positive 
and negative 
discharges 
(lOOpF in series 


with 1.5kQ) applied to each pin. 


Failure to observe proper handling procedures 
could result 
in small changes to the OPA177's 
input bias current. 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use 01 such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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APPLICATIONS INFORMATION 


The OPAl77 
is unity-gain stable, making it easy to use and 
free from oscillations 
in the widest range of circuitry. 
Ap- 
plications 
with noisy or high impedance power supply lines 
may require decoupling 
capacitors 
close to the device pins. 
In most cases O.l~ 
ceramic capacitors 
are adequate. 


The OPAl77 
has very low offset 
voltage 
and drift. To 
achieve highest performance, 
circuit layout and mechanical 


conditions 
must be optimized. 
Offset voltage and drift can 
be degraded by small thermoelectric 
potentials at the op amp 
inputs. Connections 
of dissimilar 
metals will generate ther- 
mal potential 
which can mask the ultimate performance 
of 
the OPA 177. These thermal potentials can be made to cancel 
by assuring that they are equal in both input terminals. 


1. Keep connections 
made to the two input terminals 
close 
together. 


2. Locate heat sources as far as possible 
from the critical 
input circuitry. 


3. Shield the op amp and input circuitry 
from air currents 
such as cooling fans. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


The OPAI77 
and OPA77 have been laser-trimmed 
for low 
offset 
voltage 
and drift so most circuits 
will not require 
external adjustment. 
Figure I shows the optional connection 
of an external 
potentiometer 
to adjust offset voltage. This 


adjustment 
should 
not be used to compensate 
for offsets 
created 
elsewhere 
in a system 
since 
this can 
introduce 
excessive 
temperature 
drift. 


INPUT 
PROTECTION 


The inputs of the OPAI77 
and OPA77 are protected 
with 
500Q series input resistors and diode clamps as shown in the 
simplified 
circuit diagram. The inputs can withstand 
±30V 
differential 
inputs without 
damage. 
The protection 
diodes 


will, of course, conduct current when the inputs are over- 
driven. This may disturb the slewing behavior of unity-gain 
follower applications, 
but will not damage the op amp. 


Conventional 
op amp with 
external bias current 
cancellation 
resistor. 


BURR-BROWN_ 
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NOISE PERFORMANCE 


The noise performance 
of the OPAl77 
and OPA77 is opti- 
mized for circuit impedances 
in the range of 2kQ to 50kQ. 
Total noise in an application 
is a combination 
of the op 
amp's 
input 
voltage 
noise 
and input 
bias 
current 
noise 
reacting with circuit impedances. For applications with higher 
source 
impedance, 
the OPA627 
FET-input 
op amp 
will 


generally 
provide 
lower 
noise. 
For very low impedance 
applications, 
the OP A27 will provide lower noise. 


INPUT BIAS CURRENT 
CANCELLATION 


The input stage base current of the OP A 177 is internally 
compensated 
with an equal and opposite 
cancellation 
cur- 


rent. 
The 
resulting 
input 
bias 
current 
is the 
difference 
between 
the input stage base current 
and the cancellation 
current. This residual 
input bias current can be positive 
or 
negative. 


When the bias current is cancelled in this manner, the input 
bias current and input offset current are approximately 
the 
same magnitude. 
As a result, it is not necessary 
to balance 
the DC resistance seen at the two input terminals (Figure 2). 
A resistor added to balance the input resistances 
may actu- 
ally increase offset and noise. 


" 
No bias current 
cancellation 
resistor 
needed 


OPA177 
with no external 
bias current 
cancellation 
resistor. 


BURR - BROWN® 
IElElI 
OPA234 


OPA2234 
OPA4234 


PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


Low Power, Precision 
SINGLE-SUPPLY 
OPERATIONAL 
AMPLIFIERS 


• 
WIDE SUPPLY 
RANGE: 
Single 
Supply: 
Vs = +2.7V to +36V 
Dual Supply: 
Vs = ±1.35V 
to ±18V 


• 
GUARANTEED 
PERFORMANCE: 
+2.7V, +5V, and ±15V 


• 
LOW QUIESCENT 
CURRENT: 
250llAiamp 


• 
LOW INPUT BIAS CURRENT: 
20nA max 


• 
LOW OFFSET VOLTAGE: 
100JlV max 


• 
HIGH CMRR, 
PSRR, and AOL 


• 
SINGLE, 
DUAL, 
and QUAD VERSIONS 


The OPA234 series of low cost op amps is ideal for 
single supply, low voltage, low power applications. The 
combination of low offset voltage, high common-mode 
rejection, 
high power 
supply 
rejection, 
and a wide 
supply range provides excellent accuracy and versatil- 
ity. Single, 
dual, 
and quad 
versions 
have 
identical 
specifications 
for maximum 
design flexibility. 
These 
general purpose 
op amps are ideal for portable 
and 
battery powered applications. 


OPA234 series op amps operate from either single or 
dual supplies. 
In single supply operation, 
the input 
common-mode 
range extends 
below ground 
and the 
output can swing to within 50m V of ground. Excellent 
phase margin makes the OPA234 series ideal for de- 
manding applications, including high load capacitance. 
Dual and quad designs feature completely independent 
circuitry for lowest crosstalk and freedom from interac- 
tion. 


Single version packages are 8-lead DIP, SO-8 surface- 
mount, 
and a space-saving 
MSOP-8 
surface-mount. 


Dual packages are 8-lead DIP and SO-8 surface-mount. 
Quad packages 
arc 14-1cad DIP and 50-14 
surface- 
mount. All are specified for -40°C to +85°C operation. 


BURR-BROWNe 
,I3E" 
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SPECIFICATIONS 


OPA234PA. 
UA 
~ 
OPA234P. 
U 
OPA2234PA, 
UA 
('I) 
N 
OPA2234P, 
U 
OPA4234PA, 
UA 
N 


PARAMETER 
V. 
CONDmON 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
~ 
OFFSET VOLTAGE 
('I) 


Input Offset Vo~age 
+5V 
V"",: 
Vsf2 
±30 
±1oo 
±250 
IlV 
N 


±15V 
V"", = OV 
±30 
±500 
IlV 
~ 
vs TemperatureC') 
Operating 
Temperature 
Range 
±O.5 
±3 
Ilvrc 
0 
vs Power Supply 
Vs z +2.7V to +30V, VCM = 1.7V 
3 
10 
20 
IlVN 
Channel Separation 
(Dual, Quad) 
1 
IlVN 


INPUT BIAS CURRENT 
VCM = Vs/2 


Input Bias Current 
-15 
-20 
-50 
nA 


Input Offset Current 
±O.5 
±2 
±5 
nA 


NOISE 
en 
Input Voltage Noise Density, f "" 1kHz 
25 
- 
nVi"JHz 


Current Noise Density. f "" 1kHz 
100 
fAl.JHz 
a: 
W 
INPUT VOLTAGE 
RANGE 
ii: 
Common-Mode 
Vo~ge 
Range 
+5V 
~.1 
(V+)-1 
V 
±15V 
(V-)-{l.1 
(V+)-1 
V 
::::i 
Common·Mode 
Rejection(2) 
VCM: 
(V-)~.1V 
to (V+)-1V 
100 
106 
90 
dB 
0. 


INPUT IMPEDANCE 
:E 
Differential 
10'1110 
nil pF 
c( 
Common-Mode 
>C 
VCM: 
Vsf2 
10' 115 
nil pF 
..J 


OPEN·LOOP 
GAIN(2) 
Vo - (V-)+0.25V 
to (V+)-1V 
c( 
Open-loop 
Vo~age Gain 
RL: 
10kn 
110 
120 
dB 
Z 
RL= 2kn 
90 
94 
dB 
0 
FREQUENCY 
RESPONSE 
~ 
Gain-Bandwidth 
Product 
350 
kHz 


Slew Rate 
0.2 
VII'S 
Settling Time 
G -1, 
CL: 
100pF 
a: 


0.1% 
+5V 
3V Step 
16 
IlS 
W 
±15V 
10V Step 
42 
Ils 
0. 


0.01% 
+5V 
3V Step 
25 
I'S 
0 
±15V 
10V Step 
46 
I'S 
Overload 
Recovery Time 
G:1,V'N=VS 
16 
I'S 


OUTPUT 
Vo~age Output, Pos~ive 
+5V 
RL = IOkn to Vsf2 
(V+)-1 
(V+)-{l.6 
V 
Negative 
+5V 
RL - 
10kn to Vsf2 
0.25 
0.05 
V 
Positive 
+5V 
RL - 
10kn to Ground 
(V+)-1 
(V+)-{l.65 
- 
\ 
V 
Negative 
+5V 
RL = 10kn to Ground 
0.1 
0.05 
V 
Positive 
±15V 
RL• 
10kn to Ground 
(V+)-1 
(V+)~.7 
V 
Negative 
±15V 
RL - 
10kn to Ground 
(V-)+0.5 
(V-)+0.15 
- 
V 
Short-Circuit 
Current 
+5V 
±11 
mA 
±15V 
±22 
mA 
Capacitive 
load 
Drive (Stable Operation) 
G = +1 
1000 
pF 


POWER SUPPLY 
Specified Operating 
Vo~age 
Single Supply 
+2.7 
+36 
V 
Dual Supply 
±1.35 
±18 
V 
Quiescent 
Current (per amplifier) 
+5V 
10: 
0 
250 
300 
!1A 
±15V 
10: 
0 
275 
350 
!1A 


TEMPERATURE 
RANGE 
Operating 
Range 
-40 
+85 
'C 
Storage 
-40 
+125 
·c 
Thermal 
Resistance, 
8JA 
8-Pin DIP 
100 
'CIW 
50-8 
Surface-Mount 
150 
'CIW 
MSOP-8 Surface-Mount 
175 
'CIW 


14-Pin DIP 
80 
'CIW 
50-14 
Surlace-Mount 
110 
.c/w 


-Specifications 
same as OPA234P, 
OPA234U. 


NOTES: 
(1) Guaranteed 
by wafer test. (2) For Single Supply, (V-) = OV. 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility 10rinaccuracies 
Of omissions. BUf\f\·BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices andior 
systems. 
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BURR - BROWN® 
IElElI 
OPA237 


OPA2237 
OPA4237 


PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


SINGLE-SUPPLY 
OPERATIONAL 
AMPLIFIERS 
MicroAmplifierrM Series 


• 
MICRO-SIZE, 
MINIATURE 
PACKAGES 
Single: 
SOT-23-5 
Dual: 
MSOP-8 
Quad: 
SSOP-16 


• 
LOW OFFSET VOLTAGE: 
250/iV max 


• 
WIDE SUPPLY 
RANGE 
Single 
Supply: 
+2.7V to +36V 
Dual Supply: 
±1.35V to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
200/iA 


• 
WIDE BANDWIDTH: 
1.5MHz 


• 
BATTERY 
POWERED 
INSTRUMENTS 


• 
PORTABLE 
DEVICES 


• 
PCMCIA 
CARDS 


• 
MEDICAL 
INSTRUMENTS 


• 
TEST EQUIPMENT 


The OPA237 op amp family is one of Burr-Brown's 
MkroAmplifier'· 
series of miniature products. In addi- 
tion to small size, these devices 
feature 
low offset 
voltage, low quiescent current, low bias current, and a 
wide supply 
range. 
Single, 
dual and quad versions 


have identical specifications 
for maximum design flex- 
ibility. They are ideal for single supply, battery oper- 
ated, and space-limited 
applications, 
such as PCMCIA 
cards and other portable 
instruments. 


OPA237 series op amps can operate from either single 
or dual supplies. When operated from a single supply, 
the input common-mode 
range extends below ground 
and the output can swing to within 50m V of ground. 
Dual and quad designs 
feature 
completely 
indepen- 
dent circuitry for lowest crosstalk 
and freedom 
from 
interaction. 


Single, dual, and quad are available in surface-mount 
packages. 
The single version's 
package 
is the ultra- 
miniature 
5-lead SOT-23. The dual version comes in 
a miniature 
MSOP-8. 
The quad version's 
package 
is 


the SSOP-16. 
The SSOP-16 
is the same size as an 
SO-8 surface-mount 
package and the MSOP-8 is half 


the size of an SO-8. The SOT-23 is even smaller, half 
the size of an MSOP-8. 
Operation 
is specified 
from 


--40°C to +85°C. 


OutD 
OPA2237 
OPA237 
-In D 
0 


v+ 
+lnO 
~~" 


OutS 
v- 
V- 
2 
+ - 
+lnC 
+In 
3 
4 
-In 


+In B 
-lnG 


SOT-23-5 
MSOP-8 
OutG 


NG 
8 
9 
NG 


SSOP-16 


International 
Airport 
Industrial 
Part< 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, 
AZ 85734 
• 
Street Address: 
67:Ml S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 


Tel: (520)746-1111 
• 
Twx: 910-952·1111 
• 
Cable: B8RCORP 
• 
Telex: _91 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Into: (800) 548-6132 


BURR - BROWN. 
IElElI 


f 
OPA237UA 
,..: 


OPA2237UA 
C") 
N 
OPA4237UA 
N 


PARAMETER 
~ 
CONDITION 
MIN 
TYP 
MAX 
UNITS 
,..: 


OFFSET VOLTAGE 
C") 
N 
Input Offset Voltage 
VCM = Vs/2 
±100 
±250 
mV 
~ 
vs Temperature(1) 
Operating Temperature 
Range 
±D.5 
±5 
~V/"C 


vs Power Supply 
Vs = +2.7V to +36V 
10 
30 
~VN 
0 
Channel Separation 
(dual and quad) 
1 
~VN 


INPUT BIAS CURRENT 
Input Bias Current 
. VCM = (V-)-o.2V 
to (V+)-1.5V 
-15 
-40 
nA 
Input Offset Current 
VCM = (V-)-o~2V 
to (V+)-1~5V 
±5 
±10 
nA 


NOISE 
Input Voltage Noise, f = 0.1 to 10Hz 
1 
~Vp-p 
U) 
Input Voltage Noise Density. f = 1kHz 
, 
" 


30 
nV/vHZ 
a: 


INPUT VOLTAGE 
RANGE 
W 
Common-Mode 
Voltage Range 
(V-)-o.2 
(V+)-1.5 
V 
Ii: 
Common-Mode 
Rejection 
- 
VCM = (V-)-o.2V 
to (V+)-1.5V 
85 
gO 
dB 
::::i 
INPUT IMPEDANCE 
D.. 


Differential 
10" 114 
nil 
pF 
::a= 
Common-Mode 
10' II 2 
nil 
pF 


OPEN-LOOP 
GAIN 
~ 


Open-Loop 
Voltage Gain 
Vo = (V-)+0.5V 
to (V+)-1 
80 
90 
dB 
..J 


FREQUENCY 
RESPONSE 
~ 


Gain-Bandwidth 
Product 
1.5 
MHz 
Z 


Slew Rate 
G = 1 
0.5 
V/~s 
0 
Settling Time: 0.1% 
Vs = +5V, G = 1, 3V Step, Cl = 100pF 
8 
~ 
~ 
0.01% 
Vs = +5V, G = 1, 3V Step, Cl = 100pF 
10 
~ 


VOLTAGE 
OUTPUT: 
Vs = +2.7V or +5V 
a: 
Positive 
Rl = 100kn to Ground 
(V+)-1 
(V+)-o.75 
V 
W 
Negative 
Rl = 100kn to Ground 
0.05 
0.01 
V 
D.. 


Positive 
Rl = 100kn to Vs/2 
(V+)-1 
(V+)-o.75 
V 
0 
Negative 
Rl = 100kn 
to Vs/2 
0.1 
0.05 
V 
Positive 
Rl= 
10knto 
Vs/2 
(V+)-1 
(V+)-o.75 
V 
Negative 
Rl = 10kn to Vs/2 
0.5 
0.35 
V 


VOLTAGE 
OUTPUT: 
Vs = ±15V 
Positive 
Rl = 100kn to Ground 
(V+)-1 
(V+)-o.75 
V 
Negative 
Rl = 100kn to Ground 
(V-)+0.5 
(V-)+0.3 
V 
Positive 
Rl = 10kn to Ground 
(V+)-1.5 
(V+)-1 
V 
Negative 
Rl = 10kn to Ground 
(V-)+1.2 
(V-)+0.8 
V 


OUTPUT 
Short-Circuit 
Current 
±4 
mA 
Caoacitive 
Load Drive (stable operation) 
G = 1 
200 
pF 
G = 5 
1000 
pF 


POWER SUPPLY 
Specified Operating 
Voltage, Single Supply 
+2.7 
+36 
V 
Specified Operating 
Voltage, Dual Supply 
±1.35 
±18 
V 
Quiescent 
Current (per amplifier) 
Vs = +2.7V to +5V 
200 
350 
~ 
Vs = ±15V 
250 
450 
~ 


TEMPERATURE 
RANGE 
Operating 
Range 
-40 
+85 
"C 
Storage 
-40 
+125 
"C 
Thermal 
Resistance, 
6JA 
5-Lead SOT-23 Surface-Mount 
200 
"CIW 
MSOP-8 Surface-Mount 
200 
"CIW 
SSOP-16 
Surface Mount 
150 
"CIW 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR·BROWN 
assumes 
no responsibility for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 


BURR-BROWN<!l 
11531531 
Burr-Brown Ie Data Book-Linear 
Products 


BURR - BROWN® 
113131 
ABRIDGED DATA SHEET 


For Complete 
Data Sheet 
Call FaxUne 1-800-548-6133 


Request Document 
Number l06n 


Quad High-Speed Precision 
Difet®OPERATIONAL AMPLIFIER 


• 
WIDE BANDWIDTH: 
6.4MHz 


• 
HIGH SLEW 
RATE: 
35V1~ 


• 
LOW OFFSET: 
±750~V 
max 


• 
LOW BIAS CURRENT: 
±4pA 
max 


• 
LOW SETTLING: 
1.5~ 
to 0.01% 


• 
STANDARD 
QUAD 
PINOUT 


The 
OPA404 
is 
a high 
performance 
monolithic 
Difet@(dielectrically-isolated 
FET) quad operational 
amplifier. 
It offers an unusual 
combination 
of very- 


low bias current 
together 
with wide bandwidth 
and 
fast slew rate. 


Noise, bias current, voltage offset, drift, and speed are 
superior to BIFET® amplifiers. 


Laser-trimming 
of thin-film 
resistors 
gives very low 
offset and drift-the 
best available in a quad FET op 


amp. 


The OPA404's 
input cascode design allows high pre- 


cision input specifications 
and uncompromised 
high- 


speed performance. 


Standard 
quad op amp pin configuration 
allows up- 
grading 
of existing 
designs 
to higher 
performance 
levels. The OPA404 
is unity-gain 
stable. 


APPLICATIONS 


• 
PRECISION 
INSTRUMENTATION 


• 
OPTOELECTRONICS 


• 
SONAR, 
ULTRASOUND 


• 
PROFESSIONAL 
AUDIO 
EQUIPMENT 


• 
MEDICAL 
EQUIPMENT 


• 
DETECTOR 
ARRAYS 


BURR-BROWN_ 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS 


ELECTRICAL 


At Vcc: 
±15VDC and TA = +25°C unless otherwise noted. 


OPA404AG, 
KP, KU (11 
OPA404BG 
OPA404SG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
~0 
INPUT 
~ 
NOISE 
nV/rHZ 
~ 
Voltage: fo = 10Hz 
32 


fo = 100Hz 
19 
nV/rHZ 
0 
fo: 
1kHz 
15 
nV/rHZ 


fo = 10kHz 
12 
nV/rHZ 


fe: 
10Hz to 10kHz 
1.4 
IlVrms 


fe = 0.1Hz to 10Hz 
0.95 
~Vp-p 
Current: fe = 0.1Hz to 10Hz 
12 
fA, pop 
fo = 0.1Hz thru 20kHz 
0.6 
fANHz 


OFFSET 
VOLTAGE 
U) 
Input Offset Voltage 
VCM: 
OVDC 
±260 
±1mV 
±750 
~V 
a: 
KP,KU 
±750 
±2.5mV 
~V 
W 
Average 
Drift 
TA = TM1N to TMAX 
±3 
~VloC 
KP,KU 
±5 
~VloC 
u: 
Supply Rejection 
±Vcc : 12V to 18V 
80 
100 
86 
dB 
::::i 
KP,KU 
76 
100 
dB 
a. 


Channel Separation 
100Hz, RL: 
2kr.l 
125 
dB 
== 
BIAS CURRENT 
<C 
Input Bias Current 
VCM: 
OVDC 
±1 
±8 
±4 
pA 
KP,KU 
±1 
±12 
pA 
...J 


OFFSET CURRENT 
<C 


Input Offset Current 
VCM: 
OVDC 
0.5 
8 
4 
pA 
Z 
KP,KU 
0.5 
12 
pA 
0 


IMPEDANCE 
~ 
Differential 
10"111 
nil 
pF 
Common-Mode 
10" 
113 
nil 
pF 
a: 
VOTAGE 
RANGE 
W 
Common-Mode 
Input Range 
±10.5 
+13, -11 
V 
a. 


Common-Mode 
Rejection 
V,N = ±10VDC 
88 
100 
92 
dB 
0 
KP,KU 
84 
100 
dB 


OPEN-LOOP 
GAIN, DC 
Open-Loop 
Voltage Gain 
RL 
~ 2kr.l 
88 
100 
92 
dB 


FREQUENCY 
RESPONSE 
Gain Bandwidth 
Gain = 100 
4 
6.4 
5 
MHz 
Full Power Response 
20Vp-p, 
RL = 2kn 
570 
kHz 
Slew Rate 
Vo: 
±10V, 
RL = 2kr.l 
24 
35 
28 
V/~ 
Settling Time: 0.1% 
Gain: 
-1, RL: 
2kr.l 
0.6 
~s 


0.01% 
c.. = 100 pF, 10V Step 
1.5 
~s 


RATED OUTPUT 
Voltage Output 
RL: 
2kr.l 
±11.5 
+13.2, -13.8 
V 
Current Output 
Vo = ±10VDC 
±5 
±10 
. 
mA 
Output Resistance 
1MHz, Open Loop 
80 
n 


Load Capacitance 
Stability 
Gain = +1 
1000 
pF 
Short Circuit Current 
±10 
±27 
±40 
mA 


POWER SUPPLY 
Rated Voltage 
±15 
VDC 


Voltage Range, 
Derated Performance 
±5 
±18 
VDC 


Current, Quiescent 
10 = OmADC 
9 
10 
mA 


TEMPERATURE 
RANGE 
Specification 
Ambient Temperature 
-25 
+85 
-55 
+125 
°C 


KP,KU 
0 
+70 
°C 


Operating 
Ambient Temperature 
-55 
+125 
°C 


KP, KU 
-25 
+85 
°C 


Storage 
Ambient Temperature 
-55 
+150 
°C 
KP,KU 
-40 
+125 
°C 


8 Junction-Ambient 
100 
°CNI 
KP,KU 
120/100 
°CNI 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 


BURR-BROWNe 
11511511 
Burr-Brown Ie Data Book-Linear 
Products 


For Immediate Assistance, Contact YourLocal Salesperson 


ELECTRICAL 
(FULL TEMPERATURE 
RANGE 
SPECIFICATIONS) 


At vcc 
:z ±15VDC 
and TA = T MIN to T MAX 
unless otherwise 
noted. 


OPA404AG, 
KP, KU 
OPA404BG 
OPA404SG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specification 
Range 
Ambient 
Temperature 
-25 
+85 
-55 
+125 
°C 


KP, KU 
0 
+70 
°C 


INPUT 
OFFSET 
VOLTAGE 


Input Offset Voltage 
VCM .OVDC 
±450 
2mV 
±1.5mV 
±550 
±2.5mV 
~V 
KP KU 
±1 
±3.5 
mV 


Average 
Drift 
±3 
~vrc 


KP, KU 
±5 
~V/oC 


Supply Rejection 
75 
96 
80 
70 
93 
dB 


BIAS CURRENT 
Input Bias Current 
VcM·OVDC 
±32 
±200 
±100 
±500 
±5nA 
pA 


OFFSET CURRENT 
Input Offset Current 
VcM·OVDC 
17 
100 
50 
260 
2.5nA 
pA 


VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±10 
±12.7, -10.6 
±10 
+12.6, -10.5 
V 
Common-Mode 
Rejection 
V,N• 
±10VDC 
82 
99 
86 
80 
88 
dB 


KP,KU 
80 
99 
dB 


OPEN·LOOP 
GAIN, DC 


Open-Loop 
Voltage Gain 
RL ~ 2kn 
82 
94 
86 
80 
88 
dB 


RATED OUTPUT 
Voltage Output 
RL·2kn 
±11.5 
±12.9, -13.8 
±11 
+12.7, -13.8 
V 
Current Output 
Va. 
±10VDC 
±5 
±9 
±8 
mA 


Short Circuit Current 
Vo·OVDC 
±8 
±20 
±50 
mA 


POWER SUPPLY 
Current, Quiescent 
10= OmADC 
9.3 
10.5 
9.4 
11 
mA 


TEMPERATURE 


MODEL 
PACKAGE 
RANGE 


OPA404KP 
14-Pin Plastic DIP 
O°C to +70°C 
OPA404KUt') 
16-Pin Plastic SOIC 
DOC to +70°C 
OPA404AG 
14-Pin Ceramic 
DIP 
-25°C 
to +85°C 
OPA404BG 
14-Pin 
Ceramic 
DIP 
-25°C 
to +85°C 
OPA404SG 
14-Pin Ceramic DIP 
-55°C 
to +125°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER'" 


OPA404KP 
14-Pin Plastic DIP 
010 
OPA404KUI') 
16-Pin Plastic SOIC 
211 
OPA404AG 
14-Pin Ceramic DIP 
169 
OPA404BG 
14-Pin Ceramic DIP 
169 
OPA404SG 
14-Pin Ceramic DIP 
169 


NOTE: 
(1) For detailed 
drawing 
and dimension 
table, please 
see end of data 
sheet, or Appendix 
C of Burr-Brown 
Ie Data Book. (2) OPA404KU 
may be 
marl<ed OPA404U. 


Supply 
.. 
±18VDC 


Internal 
Power 
Dissipation(') 
1000mW 


Differential 
Input Voltagel') 
.. 
±36VDC 
Input Vohage Rangel') 
.._ 
_.. ±18VDC 
Storage Temperature 
Range .. P, U • -40°C/+125°C, 
G _ --£5°C/+150°C 


Operating 
Temperature 
Range .. P, U • -25°C/+85°C, 
G = -55°C/+125°C 


Lead Temperature 
(soldering, 
10s).. 
_ 
_ 
300°C 


SOIC (soldering, 
3s) 
+260°C 


Output 
Short-Circuit 
Duration(3) 
. 
Continuous 


Junction 
Temperature.. 
. 
+175°C 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products 
1E3E31 


BURR - BROWN® 
IElElI 


ABRIDGED DATA SHEET 


For Complete 
Data Sheet 
Call FaxLine 1-800-548-6133 
Request Document 
Number 10753 


High-Speed Precision 
Difet® OPERATIONAL 
AMPLIFIER 


• 
WIDE BANDWIDTH: 
6.5MHz 


• 
HIGH SLEW 
RATE: 
35V/~ 


• 
LOW OFFSET: 
±250JlV max 


• 
LOW BIAS CURRENT: 
±1 pA max 


• 
FAST SETILING 
TIME: 
1~ 
to 0.01% 


• 
UNITY-GAIN 
STABLE 


The OP A602 
is a precision, 
wide bandwidth 
PET 
operational 
amplifier. Monolithic 
Difet(dielectrically 
isolated PET) construction 
provides an unusual com- 
bination of high speed and accuracy. 


Its wide-bandwidth 
design minimizes dynamic errors. 
High slew rate and fast settling time allow accurate 
signal processing 
in pulse and data conversion 
appli- 


cations. Wide bandwidth 
and low distortion minimize 
AC errors. 
All specifications 
are rated with a lill 
resistor in parallel with SOOpF load. The OPA602 
is 
unity-gain 
stable and easily drives capacitive 
loads up 
to ISOOpF. 


Laser-trimmed 
input circuitry provides offset voltage 
and drift performance 
normally associated with preci- 
sion bipolar 
op amps. 
Difet 
construction 
achieves 
extremely 
low input bias currents (lpA 
max) without 
compromising 
input voltage noise. 


The OPA602's 
unique input cascode circuitry 
main- 
tains low input bias current and precise input charac- 
teristics 
over 
its full 
input 
common-mode 
voltage 
range. 


• 
PRECISION 
INSTRUMENTATION 


• 
OPTOELECTRONICS 


• 
SONAR, 
ULTRASOUND 


• 
PROFESSIONAL 
AUDIO 
EQUIPMENT 


• 
MEDICAL 
EQUIPMENT 


• 
DATA 
CONVERSION 


BURR - BROWN. 
IElEU 


For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


OPA602AMlAP/AU 
OPA602BMlSMlBP 
OPA602CM 


PARAMETER 
CONDmONS 
MtN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT NOISE 
Voltage: fa: 
10Hz 
23 
nV/.JHz 


fa: 
100Hz 
• 
19 
nV/.JHz 


fa: 
1kHz 
13 
nV/.JHz 


fo=10kHz 
~ 
12 
nVi.JHz 


t.= 10Hz to 10kHz 
1.4 
~Vrms 


f.=O.lHz 
to 10Hz 
0.95 
~Vp-p 
Current:t.=O.lHz 
to 10Hz 
12 
fAp-p 


fa: 0.1 Hz to 20kHz 
0.6 
fAJ.JHz 


OFFSET 
VOLTAGE 


Input Offset Voltage: 


M Package 
VCM 
: 
OVDC 
±300 
±1000 
±150 
±500 
±100 
±250 
~V 
P Package 
1 
2 
0.5 
1 
mV 
U Package 
1 
3 
mV 
Over Specified Temperature 
M Package 
±550 
±250 
±1000 
±200 
±500 
~V 


P, U Packages 
±1.5 
±0.75 
±1.5 
mV 
Average 
Drift 
TA = TM1N to TMAX 
±15 
±3 
±5 
±2 
~V/"C 


Supply Rejection 
±Vs: 
12V to 18V 
70 
80 
100 
86 
dB 


BIAS CURRENT 
Input Bias Current 
VCM 
z OVDC 
±2 
±10 
±1 
±2 
±D.5 
±1 
pA 
Over Specified Temperature 
±20 
±500 
±20 
±200 
±10 
±100 
pA 
SM Grade 
±200 
±2000 
pA 


OFFSET CURRENT 
Input Offset Current 
VCM = OVDC 
1 
10 
0.5 
2 
0.5 
1 
pA 
Over Specified Temperature 
20 
500 
20 
200 
10 
100 
pA 
SM Grade 
200 
1000 
pA 


INPUT IMPEDANCE 
Differential 
10"111 
n IIpF 
Common-Mode 
1014113 
n IIpF 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±10.2 
+13. 
V 
-11 


Common-Mode 
Rejection 
V,N - ±10VDC 
75 
88 
100 
92 
dB 


OPEN·LOOP 
GAIN, DC 


Open-Loop 
Volfage Gain 
RL~ lkn 
75 
88 
100 
92 
dB 


FREQUENCY 
RESPONSE 


Gain Bandwidth 
Gain = 100 
3.5 
4 
6.5 
5 
MHz 


Full Power Response 
20Vp-p, 
RL : 
1kn 
570 
kHz 
Slew Rafe 
Vo = ±10V, RL = lkn 
20 
24 
35 
28 
Vi~ 


settling 
Time: 0.1% 
Gain = -1, 
RL : lkn 
0.6 
~ 


0.01% 
CL = 500pF, 10V Step 
1.0 
~ 


RATED OUTPUT 
Voltage Oulput 
RL·lkn 
±11 
±11.5 
+12.9, 
V 
-13.8 
Current Oulput 
Vo: 
±10VDC 
±15 
±20 
mA 
Output Resistance 
1MHz, Open Loop 
80 
n 


Load Capacitance 
Stability 
Gain"" 
+1 
1500 
pF 
Short Circuit Current 
±25 
±30 
±50 
mA 


POWER SUPPLY 
Rated Voltage 
±15 
VDC 


Voltage Range, 


Derated Performance 
±5 
±18 
VDC 


Current, Quiescent 
10= OmADC 
3 
4 
mA 
Over Specified Temperature 
3.5 
4.5 
mA 


TEMPERATURE 
RANGE 


Specification 
Ambient Temperature 
-25 
+85 
"C 


SM Grade 
-55 
+125 
"C 


Operating: 
M Pacf<age 
Ambient Temperature 
-55 
+125 
"C 


P, U Packages 
-25 
+85 
-25 
+85 
"C 


Storage: M Package 
Ambient Temperature 
-05 
+150 
"C 


P, U Packages 
-40 
+125 
-40 
+125 
"C 


8JA 
200 
"CIW 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
I~~I 


Supply Voltage 
. 
±18VDC 


Intemal Power Dissipation (TJ ~ +17S'C) 
... 1000mW 
Differential Input Voltage 
. 
Total Vs 


Input Voltage Range. 
. 
±Vs 


Storage 
Temperature 
Range 
M Package 
. 


P and U Packages 
Operating 
Temperature 
Range 
M Package 
. 


P and U Packages . 


Lead Temperature 
M and P Packages (soldering, 
10s) 


U Package, SOIC (3s) 
. 


OUlput Short Circuit to Ground (+2S°C) 


Junction 
Temperature 
_. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


OPA602AM 
TO-99 
001 
OPA602BM 
TO-99 
001 
OPA602CM 
TO-99 
001 


OPA602SM 
TO-99 
001 
OPA602AP 
Plastic DIP 
006 


OPA602BP 
Plastic DIP 
006 


OPA602AU 
Plastic SOIC 
182 


No 
CD 


~ 
NOTE: (1) For detailed drawing and dimension 
table, please see end of data 0 
sheet, or Appendix C of Burr-Brown 
IC Data Bock . 
................. +3OO°C 


... +260°C 


........ 
Continuous 


......... +17SoC 
-- 


Top View - 
TD-99 


NC 


TEMPERATURE 
OFFSET VOLTAGE 
MODEL 
PACKAGE 
RANGE 
MAX (UV) AT 2S"C 


OPA602AM 
TO-99 
-2Sto 
+8SOC 
±1000 
OPA602BM 
TO-99 
-2Sto 
+8SoC 
±500 
OPA602CM 
TO-99 
-2Sto 
+8SoC 
±2S0 
OPA602SM 
TO-99 
-SS to +12SoC 
±SOO 
OPA602AP 
Plastic DIP 
-2Sto 
+8SoC 
±2000 
OPA602BP 
Plastic DIP 
-2510 
+85°C 
±10oo 
OPA602AU 
Plastic SOIC 
-2Sto 
+8SoC 
±30oo 


Output 


S 
Offset Trim 


The information 
provided 
herein is beHeved to be reliable; however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
oromissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information. 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR· BROWN does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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BURR - BROWN® 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 
Call FaxLine 1·800-548·6133 
Request Document 
Number 11026 


High Speed, Current-Feedback 
OPERATIONAL 
AMPLIFIER 


• 
BANDWIDTH: 
100MHz, 
G = 1 to 10 


• 
SLEW 
RATE: 
1000VlllS 


• 
FAST SETTLING 
TIME: 
SOns to 0.1% 


• 
WIDE SUPPLY 
RANGE: 
±4.5 to ±18V 


• 
HIGH OUTPUT 
CURRENT: 
±150mA 
peak 


• 
8-PIN PLASTIC 
MINI-DIP 
PACKAGE 


• 
SOL-16 
SURFACE-MOUNT 
PACKAGE 


The OPA603 is a high-speed current-feedback 
op amp 
with guaranteed 
specifications 
at both ±SV and ±ISV 
power supplies. It can deliver full ±IOV signals into 
ISOn 
loads 
with 
up to IOOOV/lls slew 
rate. 
This 
allows it to drive terminated 7Sn cables. With ISOmA 
peak output current capability it is suitable for driving 
load capacitance 
or long lines at high speed. 


In contrast 
with conventional 
op amps, the current- 
feedback 
approach 
provides 
nearly 
constant 
band- 
width and settling time over a wide range of closed- 
loop voltage gains. 


The OPA603 is available in a plastic 8-pin dual-in-line 
and SOL-16 surface-mount 
packages, specified for the 
industrial 
temperature 
range. 


• 
VIDEO AMPLIFIER 


• 
PULSE 
AMPLIFIER 


• 
SONAR, 
ULTRASOUND 
CIRCUITRY 


• 
ATE PIN DRIVERS 


• 
LINE DRIVERS 


• 
FAST DATA ACQUISTION 


• 
WAVEFORM 
GENERATORS 


BURR 
- BROWN~ 


1E3E31 


OPA603AP/AU 


MIN 
TYP 
MAX 
UNITS 
M 
PARAMETER 
CONDITIONS 
0 


INPUT OFFSET VOLTAGE 
(0 


Initial 
5 
mV 


~ 
vs Temperature 
8 
I'vrc 
vs Common-Mode 
Voltage 
VCM = ±10V 
50 
60 
dB 
0 


YS Supply (tracking) Voltage 
Vs = ±12V to ±18V 
80 
85 
dB 


YS Supply (non-tracking)!') 
IVsl = 12V to 18V 
55 
60 
dB 


+INPUT BIAS CURRENT 
Initial 
5 
I1A 


V$ Temperature 
30 
nArC 


V$ Common-Mode 
VCM= 
±10V 
200 
500 
nAN 


YS Supply (tracking) 
Vs = ±12V to ±18V 
50 
100 
nAN 
en 


YS Supply (non-tracking)!') 
IVsl = 12V to 18V 
150 
300 
nAN 
a: 


-INPUT 
BIAS CURRENT 
W 
Initial 
25 
I'A 
r;: 


vs Temperature 
300 
nAloC 
:J 
vs Common-Mode 
VCM= 
±10V 
200 
600 
nAN 
vs Supply (tracking) 
Vs= ±12V to ±18V 
300 
500 
nAN 
Q. 


YS Supply (non-tracking)!') 
IVsl = 12V to 18V 
1500 
2000 
nAN 
:i1: 


INPUT IMPEDANCE 
c( 


+Input 
5112 
MOil 
pF 
-J 


-Input 
30112 
011 pF 
c( 


OPEN LOOP CHARACTERISTICS 
Z 
Transresistance 
Vo= ±10V 
300 
440 
kn 
0 
Transcapacitance 
1.8 
pF 
~ 
OUTPUT CHARACTERISTICS 
Vottage 
RL = 1500 
±10 
±12 
V 
a: 


Peak Current 
150 
mA 
W 


Short-Circuit 
Current(2) 
Vo= OV 
250 
mA 
Q. 


Output Resistance, 
Open-Loop 
70 
0 
0 
FREQUENCY 
RESPONSE 
G= +2 
Small-Signal 
Bandwidth(3) 
70 
160 
MHz 
Gain Flatness, ±O.5dB 
35 
75 
MHz 


Full-Power Bandwidth 
Va = 20Vp-p 
10 
MHz 


Differential 
Gain 
f = 4.43MHz, 
Va = lV 
0.03 
% 


Differential 
Phase 
f = 4.43MHz, 
Va = lV 
0.025 
Degrees 


TIME DOMAIN 
RESPONSE 
G= +2 


Propagation 
Delay 
10 
ns 


Rise and Fall Time 
10 
ns 
settling 
Time to 0.10% 
10V Step 
50 
ns 
Slew Rate 
1000 
VII'S 


DISTORTION 
G = +2, RL = 1000, f = 10MHz 
2nd Harmonic 
Distortion 
Vo= 
0.2Vp-p 
~O 
~5 
dBc 
3rd Harmonic 
Distortion 
Vo= 0.2Vp-p 
-70 
-1l0 
dBc 


POWER SUPPLY 
Specified Operating Voltage 
±15 
V 
Operating Voltage Range 
±4.5 
±18 
V 
Current 
±21 
±25 
mA 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
°C 
Storage 
-40 
+150 
°C 


THERMAL 
RESISTANCE, 
8JUNCTION-AMBIENT 
Soldered to Printed Circuit 
90 
°CIW 


The information provided herein is believed to be reliable; however. BURR·BROWN 
assumes no responsibility for inaccuracies or omissions 
BURR-BROWN 
ag~umQ~ 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices andior systems. 
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IEilEilI Burr-Brown Ie Data Book-Linear 
Products 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS, v5 = ±5V 


ELECTRICAL 


OPA603AP/AU 


PARAMETER 
CONDmONS 
" J' 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET VOLTAGE 
Initial 
6 
mV 
vs Temperature 
8 
~VI"C 


vs Common-Mode 
VCM 
: ±3V 
50 
55 
dB 
vs Supply (tracking) 
Vs' 
±4V to ±6V 
75 
80 
dB 
vs Supply (non-tracking)!') 
IVsl = 4V to 6V 
55 
60 
dB 


+INPUT BIAS CURRENT 
Initial 
5 
~ 
vs Temperature 
30 
nAl·C 


vs Common·Mode 
VCM 
: ±3V 
350 
600 
nNY 


vs Supply (tracking) 
Vs = ±4V to ±6V 
100 
200 
nNY 


vs Supply (non-tracking)!') 
IVsl. 
4V to 6V 
200 
300 
nNY 


-INPUT 
BIAS CURRENT 
Initial 
25 
~ 


vs Temperature 
300 
nAJOC 


vs Common-Mode 
VCM: 
±3V 
300 
600 
nNY 
vs Supply (tracking) 
Vs = ±4V to ±6V 
500 
700 
nNY 
vs Supply (non-tracking)!') 
IVsl: 
4V to 6V 
2500 
3000 
nNY 


INPUT IMPEDANCE 
+Input 
3.3112 
Mnll 
pF 
-Input 
30112 
nil 
pF 


OPEN LOOP CHARACTERISTICS 
Transresistance 
Vo= ±2V 
225 
330 
ill 


Transcapacitance 
2.4 
pF 


OUTPUT CHARACTERISTICS 
Voltage 
RL: 
75n 
±2 
±2.75 
V 
Peak Current 
150 
mA 
Short-Circuit 
Current(2) 
Va: 
OV 
250 
mA 
Output Resistance, 
Open-Loop 
80 
n 


FREQUENCY 
RESPONSE 
G= +2 
Small-Signal 
Bandwidth(3) 
140 
MHz 
Gain Flatness, ±O.5dB 
65 
MHz 
Full-Power 
Bandwidth 
20 
MHz 
Differential Gain 
f: 
4.43MHz, 
Va: 
tV, RL = 150n 
0.03 
% 


Differential 
Phase 
f. 
4.43MHz, 
Va. 
IV, RL• 
150n 
0.025 
Degrees 


TIME DOMAIN 
RESPONSE 
G= +2, RL= 
lOon 
Propagation 
Delay 
15 
ns 
Rise and Fall Time 
20 
ns 
Settling Time to 0.10% 
60 
ns 
Slew Rate 
750 
VI~s 


DISTORTION 
G = +2, RL: 
lOOn, f = 10MHz 
2nd Harmonic 
Distortion 
Vo= 
0.2Vp-p 
-<;7 
dBc 


3rd Harmonic 
Distortion 
Vo= 
0.2Vp-p 
-78 
dBc 


POWER SUPPLY 
Specified Operafing 
VOllage 
±5 
V 
Operating Voltage Range 
±4.5 
±18 
V 
Current 
±21 
±25 
mA 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
·C 
Storage 
-40 
+150 
·C 


THERMAL 
RESISTANCE, 
8JUNCT1QN.AMBIENT 
Soldered to Printed Circuit 
gO 
·eN! 
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NC: No Internal Connection. 
Solder to ground plane for 
improved 
heat dissipation. 


Supply Voltage.. 
. 
±18V 


Input Voltage Range.. 
. 
±Vs 
Differential 
Input Voltage 
±6V 
Power 
Dissipation 
See derating 
curve 
Operating Temperature 
. 
+100"C 
Storage 
Temperature 
+150°C 


Junction 
Temperature. 
. 
+150"C 
lead 
Temperature 
(soldering, 
1Os) 
. 
+300"C 


(soldering SOl-16 
package, 3s) 
+260"C 


BURR-BROWN~ 
IEliEliI 
Burr-Brown Ie Data Book-Linear 
Products 


-In 
+Vs 


NC 
NC 


+In 
Vo 


NC 
NC 


-Vs 
NC 


NC 
NC 


NC: No Internal Connection. 
Solder to ground plane tor 
improved 
heat dissipation. 


MODEL 
PACKAGE 


OPA603AP 
Plastic DIP 


OPA603AU 
SOl-16 


SPECIFIED 
TEMPERATURE 
RANGE 


-25"C 
to +85"C 
-25"C 
to +85"C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


OPA603AP 
Plastic DIP 
006 
OPA603AU 
SOl-16 
211 


PAD 
FUNCTION 


1 
Noninverting 
Input 
2 
-Vs 
3 
Laser Alignment 
4 
Vo (Oulput) 


5 
+Vs 


6 
RT 


(Trim Sense 
Point) 


7 
CE 


(Compensation 
Capacijor) 


8 
Inverting 
Input 


MilS 
(O.001"j 
MilLIMETERS 


Die Size 
94x69±5 
2.39 x 1.75 ±C.13 
Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10xO.l0 


Backing 
Gold 


BURR - BROWN® 
IElElI 


FET-Input, 
Low Distortion 
OPERATIONAL 
AMPLIFIER 


• 
LOW DISTORTION: 
0.0003% at 1kHz 


• 
LOW NOISE: 10nVl..JHZ 


• 
HIGH SLEW RATE: 25V1~ 


• 
WIDE GAIN-BANDWIDTH: 
20M Hz 


• 
UNITY-GAIN 
STABLE 


• 
WIDE SUPPLY RANGE: Vs = ±4.5 to ±24V 


• 
DRIVES 600n 
LOAD 


• 
DUAL VERSION 
AVAILABLE 
(OPA2604) 


The 
OPA604 
is a PET-input 
operational 
amplifier 
designed 
for enhanced 
AC performance. 
Very low 
distortion, 
low noise 
and wide 
bandwidth 
provide 
superior performance 
in high quality audio and other 
applications requiring excellent dynamic performance. 


New circuit techniques 
and special laser trimming 
of 
dynamic circuit performance 
yield very low harmonic 
distortion. 
The result is an op amp with exceptional 
sound quality. The low-noise PET input of the OPA604 
provides 
wide dynamic range, even with high source 
impedance. 
Offset voltage is laser-trimmed 
to mini- 
(5) 
mize the need for interstage 
coupling capacitors. 


The OPA604 
is available 
in 8-pin plastic 
mini-DIP 
(1) 


and 50-8 
surface-mount 
packages, 
specified 
for the 
-25°C 
to +85°C temperature 
range. 


• 
PROFESSIONAL 
AUDIO EQUIPMENT 


• 
PCM DAC W CONVERTER 


• 
SPECTRAL 
ANALYSIS 
EQUIPMENT 


• 
ACTIVE FILTERS 


• 
TRANSDUCER 
AMPLIFIER 


• 
DATA ACQUISITION 


BURR-BROWN_ 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


TA = +25°C, 
Vs = ±15V 
unless otherwise 
noted. 


OPA604AP, 
AU 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 
"l:t 
0 
OFFSET VOLTAGE 
<0 
Input Offset Voltage 
±1 
±5 
mV 
~ 
Average 
Drift 
±S 
~V/·C 
Power Supply Rejection 
Vs = ±5 to ±24V 
SO 
100 
dB 
0 
INPUT BIAS CURRENT!') 
Input Bias Current 
VCM = OV 
50 
pA 


Input Offset 
Current 
VCM = OV 
±3 
pA 


NOISE 
Input Voltage 
Noise 
Noise 
Density: 
f = 10Hz 
25 
nVi..{Hz 
en 
t= 
100Hz 
15 
nV/..{Hz 


t = 1kHz 
11 
nV/..{Hz 
a: 


t= 
10kHz 
10 
nV/..{Hz 
W 


Voltage Noise, BW = 20Hz to 20kHz 
1.5 
~Vp-p 
u:: 
Input Bias Current 
Noise 
::::i 
Current Noise Density, f = 0.1 Hz to 20kHz 
tAl..{Hz 
D. 


INPUT VOLTAGE 
RANGE 
== 
Common-Mode 
Input Range 
±12 
±13 
V 
Common·Mode 
Rejection 
VCM = ±12V 
SO 
100 
dB 
<C 


INPUT IMPEDANCE 
..J 


Differential 
101211 S 
011 pF 
<C 


Common-Mode 
10121110 
011 pF 
Z 


OPEN-LOOP 
GAIN 
0 


Open-Loop 
Voltage Gain 
Vo = ±10V, 
RL = lkO 
SO 
100 
dB 
~ 
FREQUENCY 
RESPONSE 


Gain-Bandwidth 
Product 
G = 100 
20 
MHz 
a: 
Slew Rate 
20Vp-p, RL = 1kO 
15 
25 
V/~s 
W 
Settling Time: 
0.01 % 
G = -1, 
10V Step 
1.5 
~ 
D. 


0.1% 
1 
~s 
0 
Total Harmonic Distortion + Noise (THO+N) 
G=I,f=lkHz 
0.0003 
% 


Vo = 3.5Vrms, RL = 1kO 


OUTPUT 
Voltage Output 
RL = 6000 
±11 
±12 
V 
Current 
Output 
Vo = ±12V 
±35 
mA 
Short Circuit Current 
±40 
mA 
Output 
Resistance, 
Open-Loop 
25 
0 


POWER SUPPLY 
Specified 
Operating 
Voltage 
±15 
V 
Operating 
Voltage Range 
±4.5 
±24 
V 
Current 
±5.3 
±6 
mA 


TEMPERATURE 
RANGE 


Specification 
-25 
+S5 
·C 
Storage 
-40 
+125 
·C 
Thermal 
Resistance(2), 
8JA 
90 
·CIW 


NOTES: (1) Typical pertormance, 
measured fully warmed-up. 
(2) Soldered to circuit board-see 
text. 


The information provided herein is believed to be reliable: however. BURR-BROWN 
assumes no responsibility for inaccuracies 
or omissions. BURR·BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use 01 such information 
shall be entirely 
at the user's own risk. Prices 
and specifications 
are subject 
to change 


without notice. 
No patent 
rights or licenses 
to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 


BURR-BROWN~ 
I~~I 
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Products 


A ELECTROSTATIC 
J.l!Ji.. DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


Power Supply Voltage. 
.. 
. 
±2SV 
Input Voltage 
(V-)--W 
to (V+)+W 


Output 
Short Circuit to Ground 
Continuous 


Operating Temperature........ 
. 
-4O"C to +l00"C 


Storage Temperature 
-40°C 
to +125°C 


Junction Temperature 
, 
+150°C 


Lead Temperature 
(soldering, 
1Os) AP 
+300"C 


Lead Temperature 
(soldering, 3s) AU 
+260"C 


PACKAGE 


8·Pin Plastic DIP 
SO·8 Surface·Mount 


TEMP. RANGE 


-2S"C 
to +8S"C 
-2S"C 
to +8S"C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


OPA604AP 
8·Pin Plastic DIP 
006 
OPA604AU 
SO·8 Surface· Mount 
182 


BURR-BROWNe 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES 


100nA 
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< 
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0.001 


lk 
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e- 
ll: 
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·0 
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< 
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~_Vo. 


0.1 
~:;vrms 


1k 


Frequency (Hz) 


120 


100 


cc 
80 
:!!. 
c... 
60 
Cl 


<I) 
'" 
40 
g0> 


20 


-20 


• 


G 


1k 
10k 


Frequency (Hz) 


TOTAL HARMONIC 
DISTORTION 
+ NOISE 
vs OUTPUT VOLTAGE 


See 
"Distortion Measurements"1Bt 


for description 
of test method. 
-;- 
_ 


Vo 


+ 
1k<l 


1 
10 


Output Vo~age (Vp-p) 


III 


==== 
Ulltal 


eIN~\le 


III 


Current 
N~isel 


100 
1k 
10k 


Frequency (Hz) 


I 


Input' 


Bias Current 


== 


I 
I 
/1 
I 


I 
1J7' 
TI 


~ 


Input 
It~ 
I 
--r 
-- 


Offset 
Current 


1-1'"" 
I 
I 
I 


-5 


Common-Mode 
Voltage (V) 


-- 


lnA 


< 
oS 


100 
E~ 
::> 
() 


10 ~ 
Sa. 
oS 


lnA 


~ 
So 
E 
100 
~" 
()~ 
jjj 
'5 
10 
~ 


Vs - ±24VDC 


.1 
1 


Vs - ±15VDC 


Vs 
±5VDC 


I 
I 


120 


CD 
100 
Ec 
.2 
80 
~." 
a: 
60 
~ 
'" 
40 
:;;~ 
0 
Q. 
20 


+PSR 


I- 
CMR 
PSR 
~ 
"- 
I" 
~ 


1k 
10k 
100k 


Frequency (Hz) 


28 


N 
24 
:I:~ 
.c 
:§~ 
20 
"c 
'"~..• 
16 
CJ 


I 


I 


Gain-Bandwidth 
Slew Rate 
I- 
G = +1100 
i+ 


f-' 
I '-' 
..... 


I 


I 


I 


10 
15 
20 


Supply Voltage (±Vs) 
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100 ~ 
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c 
CD 
.2 
E 
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a: 
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::;; 
a: 
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Q) 
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Q. 


40 
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E 
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() 


28 


N 
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:I: 
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~ 
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.c 
15 
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.~ 
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a: 
c 
~ 
'" 
Q) 
~ 
Uj 
..• 
CJ 
16 


30 


25 
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20 * 


a:~ 
Q) 
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15 
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c 
110 
o 
.~ 
." 
a: 


Q)~ 
~ 
o 
E 
Eo 
() 


-5 


Common-Mode 
Vo~age (V) 


I 


I 


CMR 
I 
I'- 


I 
r- 


r-- PSR 
,/ 


I 


Ace 
I 
I 


10 
15 
20 


Supply Voltage (±Vs) 


I 


Slew Rate 
\ 
~ 
f- 


~ 
J- 
I 
------ 
- 
Gain-Bandwidth 
:--- 


G: 
+100 


25 
50 


Temperature 
(0G) 


4 


"'"- 
a>E 
i= 


.~ 
2 
E 
a> 
C/) 


~ 
Vo .10V St~~ 
R 
/ 


Rl·1kn 
11 
f--Cl~SOPF 
'" 
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IIIII 
1/ 


I 
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I 
0.01% 
V 


y 
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°ln 
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1I1I11 
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-10 
-100 


Closed-Loop 
Gain (VN) 


7 


~ 
.S- 
"~ 
0 
-'"c.g- 


C/) 
4 


II 
-Vs·±1SVDC 
Vs' 
±24VDC 


--. 


Vs = ±SVDC 


_ 
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.S- 
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For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CO NT) 


0.5 


0.45 


[ 
0.40 
5 0.35 
i 0.30 
:z 
is 
0.25 
! 0.20 
0.. 


10 
12 
14 
16 
18 
20 
22 
24 


Supply Voltage, ±Vs (V) 


OFFSET 
VOLTAGE 
ADJUSTMENT 


The OPA604 offset voltage is laser-trimmed 
and will require 
no further trim for most applications. 
As with most amplifi- 
ers, externally 
trimming 
the remaining 
offset can change 
drift performance 
by about O.3JlVtOC for each 
IOOJlV of 
adjusted offset. The OPA604 can replace many other ampli- 
fiers by leaving the external null circuit unconnected. 


The OPA604 is unity-gain stable, making it easy to use in a 
wide range of circuitry. 
Applications 
with noisy or high 
impedance 
power supply lines may require decoupling 
ca- 
pacitors 
close to the device 
pins. 
In most cases, 
a 1JlF 
tantalum capacitor at each power supply pin is adequate. 


NOTE: (1) 50kn to 1Mn 
Trim Potentiometer 
-Vcc 
(100kn 
Recommended) 


DISTORTION 
MEASUREMENTS 


The distortion 
produced 
by the OPA604 is below the mea- 


surement limit of virtually all commercially 
available equip- 
ment. A special test circuit, however, 
can be used to extend 
the measurement 
capabilities. 


1.4 


[ 
1.2 


" 
1.0 
.2 
1ija. 
.~ 0.8 
is 
:;; 
0.6 
~ 
0 
0.. 


~ 


0.4 


0.2 


0 
0 


Maximum 
Specified Operating 


Temperature 
85"C 


Op amp distortion can be considered an internal error source 
which can be referred to the input. Figure 2 shows a circuit 
which causes the op amp distortion to be 101 times greater 
than normally produced 
by the op amp. The addition of R3 
to the otherwise 
standard noninverting 
amplifier configura- 
tion alters the feedback 
factor or noise gain of the circuit. 


The closed-loop 
gain is unchanged, 
but the feedback 
avail- 
able for error correction 
is reduced by a factor of 101. This 
extends the measurement 
limit, including 
the effects of the 
signal-source 
purity, by a factor of 101. Note that the input 
signal and load applied to the op amp are the same as with 
conventional 
feedback 
without R3. 


Validity 
of this technique 
can be verified 
by duplicating 
measurements 
at high gain and/or high frequency 
where the 
distortion 
is within the measurement 
capability 
of the test 
equipment. 
Measurements 
for this data sheet were made 
with the Audio Precision System One which greatly simpli- 
fies such repetitive 
measurements. 
The measurement 
tech- 
nique can, however, 
be performed 
with manual distortion 
measurement 
instruments. 


CAPACITIVE 
LOADS 


The 
dynamic 
characteristics 
of the OPA604 
have 
been 
optimized for commonly encountered 
gains, loads and oper- 
ating conditions. 
The combination 
of low closed-loop 
gain 
and capacitive load will decrease the phase margin and may 
lead to gain peaking or oscillations. 
Load capacitance 
reacts 
with the op amp's 
open-loop 
output resistance 
to form an 
additional pole in the feedback loop. Figure 3 shows various 
circuits which preserve phase margin with capacitive 
load. 
Request Application 
Bulletin AB-028 for details of analysis 


techniques 
and applications 
circuits. 


For the unity-gain buffer, Figure 3a, stability is preserved by 
adding 
a phase-lead 
network, 
Rc and Ce. Voltage 
drop 


BURR-BROWN_ 
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across 
Rc will reduce 
output 
voltage 
swing 
with heavy 
loads. An alternate 
circuit, 
Figure 
3b, does not limit the 
output with low load impedance. 
It provides a small amount 
of positive feedback to reduce the net feedback factor. Input 
impedance 
of this circuit falls at high frequency 
as op amp 
gain rolloff reduces the bootstrap 
action on the compensa- 
tion network. 


Figures 
3c 
and 
3d 
show 
compensation 
techniques 
for 
noninverting 
amplifiers. 
Like the follower circuits, the cir- 
cuit in Figure 3d eliminates voltage drop due to load current, 
but at the penalty of somewhat reduced input impedance 
at 
high frequency. 


Figures 
3e and 3f show input lead compensation 
networks 
for inverting 
and difference 
amplifier configurations. 


NOISE PERFORMANCE 


Op amp noise is described 
by two parameters-noise 
volt- 


age and noise current. 
The voltage 
noise 
determines 
the 
noise performance 
with low source impedance. 
Low noise 
bipolar-input 
op amps 
such 
as the OPA2? 
and OPA3? 
provide very low voltage noise. But if source impedance 
is 
greater 
than a few thousand 
ohms, 
the current 
noise 
of 
bipolar-input 
op amps react with the source impedance 
and 


I 
,, 
< 


I 


~ 
R 
L 
0 


Audio Precision 
System One 
Analyzer<'j 
lkn 


~ 
,V 
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will dominate. 
At a few thousand 
ohms source impedance 
and above, the OPA604 will generally 
provide lower noise. 


POWER 
DISSIPATION 


The OPA604 is capable of driving a 600n 
load with power 
~ 
supply voltages 
up to ±24V. 
Internal power dissipation 
is 
0 
increased when operating at high power supply voltage. The 
<0 
typical 
performance 
curve, 
Power 
Dissipation 
vs Power 
Cf 
Supply Voltage, 
shows quiescent 
dissipation 
(no signal or 0 
no load) as well as dissipation 
with a worst case continuous 
sine wave. Continuous 
high-level 
music signals 
tYPiCailD 


produce 
dissipation 
significantly 
less than worst case sin 
waves. 


Copper 
leadframe 
construction 
used in the OP A604 
im- 
proves 
heat dissipation 
compared 
to conventional 
plastic 
packages. To achieve best heat dissipation, 
solder the device 
directly 
to the circuit 
board 
and use wide circuit 
board 
traces. 


OUTPUT 
CURRENT 
LIMIT 


Output current 
is limited 
by internal 
circuitry 
to approxi- 
mately ±40mA 
at 25°C. The limit current 
decreases 
with 
increasing 
temperature 
as shown in the typical curves. 


SIG. 
DIST. 


GAIN 
GAIN 
R, 
A. 
R. 


1 
101 - 
Skn 
son 


10 
101 
soon 
Skn 
soon 


100 
101 
son 
Skn - 


-> 


IBM PC 
or 


Compatible 


CL 


I 
5000 
PF 


CL 


I5000PF 


CL 
I5000PF 


Ce 


0.22~FI 
R, 


Re• 
2CL X 10'0_ (1 + R,IR,) 


CL 


I5000PF 


R, 


Re: 
4CL X 10'0_1 


Ce 


= 
C, X 10' 


Re 


R, 


Re = 2CL X 10'0_ (1 + R,IR,) 


CL 


I 
5000 


PF 


(f) 


R, 
R, 
., 


2kfl 
2kfl 


Re 
20Q 
., 


Ce 


0.22~F 
CL 


R, 
R. 
I5000PF 
., 


2kfl 
2kQ 


R, 


Re: 
2CL X 10'"- 
(1 + R,IR,) 


Ce: 
CLX 10' 
Re 
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C, 
lo00PF 


Low-pass 
3-pole Butterworth 


f-3dB • 40kHz 


C, 


~OOOPF 
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PCM63 
20-bit 


D/A 
Converter 


NOTE: (1) C, "~ 
COUT 
2nR,fc 


RF = Internal feedback 
resistance 
= 1.5kO 


'e = Crossover 
frequency", 
BMHz 


VO" 
±3Vp 


To low-pass 


filter. 


+ 
12 


R. 
51fl 
OPA604 
R, 


+ 
51fl 


t 
~ 


r 


V,N1 
VOUT 


-=- 
R, 
1 


VOUT" 
V,N (1+R2IR,) 


-=- 
-=- 
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The following discussion is provided, recognizing 
that 
not all measured 
performance 
behavior 
explains 
or 
correlates 
with listening 
tests by audio experts. 
The 
design of the OPA604 included consideration 
of both 
objective 
performance 
measurements, 
as well as an 
awareness 
of widely held theory on the success 
and 
failure of previous 
op amp designs. 


SOUND 
QUALITY 


The sound quality of an op amp is often the crucial 
selection criteria---even 
when a data sheet claims ex- 
ceptional distortion performance. 
By its nature, sound 
quality is subjective. 
Furthermore, 
results of listening 
tests can vary depending 
on application 
and circuit 
configuration. 
Even experienced 
listeners in controlled 
tests often reach different conclusions. 


Many audio experts believe that the sound quality of a 
high performance 
FET op amp is superior 
to that of 
bipolar 
op amps. 
A possible 
reason 
for this is that 


bipolar designs generate greater odd-order 
harmonics 
than FETs. To the human 
ear, odd-order 
harmonics 
have long been identified as sounding more unpleasant 
than even-order 
harmonics. 
FETs, like vacuum tubes, 
have a square-law 
I-V transfer function which is more 
linear than the exponential 
transfer function of a bipo- 
lar transistor. 
As a direct 
result of this square-law 
characteristic, 
FETs produce 
predominantly 
even-or- 
der harmonics. 
Figure 
10 shows the transfer function 
of a bipolar transistor and FET. Fourier transformation 
of both transfer functions reveals the lower odd-order 
harmonics 
of the FET amplifier 
stage. 


t 
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VBE = 1kHz + DC Bias 
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1 
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FIGURE 
10. I-V and Spectral Response of NPN and 
JFET. 


BURR-BROWNe 
11:11:11 
Burr-Brown Ie Data Book-Linear 
Products 


R" 
10kn 
R, 


lkn 


THE OPA604 
DESIGN 


The OP A604 uses FETs throughout 
the signal path, 
including 
the input stage, input-stage 
load, and the 
important 
phase-splitting 
section of the output stage. 
Bipolar 
transistors 
are used 
where 
their 
attributes, 
such as current capability 
are important, 
and where 
their transfer characteristics 
have minimal impact. 


The topology consists of a single folded-cascode 
gain 
stage followed by a unity-gain output stage. Differen- 
tial input transistors J I and J2 are speciallarge-geom- 
etry, P-channel 
JFETs. Input stage current is a rela- 
tively high 800~, 
providing 
high transconductance 
and reducing 
voltage noise. Laser trimming 
of stage 
currents 
and careful 
attention 
to symmetry 
yields a 


nearly symmetrical 
slew rate of ±25V /~s. 


The JFET 
input 
stage 
holds 
input 
bias current 
to 
approximately 
50pA 
or rougWy 
3000 times 
lower 
than common bipolar-input 
audio op amps. This dra- 
matically reduces noise with high-impedance 
circuitry. 


The drains of J I and J2 are cascoded 
by Q1 and Q2' 


driving the input stage loads, FETs J3 and J4. Distor- 
tion reduction circuitry (patented) linearizes the open- 
loop response and increases voltage gain. The 20MHz 
bandwidth 
of the OPA604 further reduces distortion 
through the user-connected 
feedback 
loop. 


The output 
stage consists 
of a JFET phase-splitter 


loaded into high speed all-NPN output drivers. Output 
transistors 
are biased by a special circuit to prevent 
cutoff, even with full output swing into 600Q loads. 
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Wide-Bandwidth 
Difet ® 
OPERATIONAL 
AMPLIFIER 


• 
WIDE BANDWIDTH: 
13MHz typ 


• 
HIGH SLEW 
RATE: 35V/llS typ 


• 
LOW BIAS CURRENT: 
10pA max at 


TA = +25°C 


• 
LOW OFFSET 
VOLTAGE: 
500~tV max 


• 
LOW DISTORTION: 
0.0035% 
typ at 10kHz 


The 
OPA606 
is 
a wide-bandwidth 
monolithic 
dielectrically-isolated 
FET (DijefS) operational 
ampli- 
fier featuring 
a wider bandwidth 
and lower bias cur- 


rent than BIFETO' LFI56A 
amplifiers. 
Bias current is 
specified under warmed-up 
and operating 
conditions, 
as opposed to a junction 
temperature 
of +25°C. 


• 
OPTOELECTRONICS 


• 
DATA ACQUISITION 


• 
TEST 
EQUIPMENT 


• 
AUDIO 
AMPLIFIERS 


Laser-trimmed 
thin-film resistors offer improved off- 


set voltage and noise performance. 


The OPA606 is internally compensated 
for unity-gain 
stability. 


International 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, 
AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 


Tel: (520)746·1111 
• 
Twx: 910·952·1111 
• 
cable: 
BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889·1510 
• 
Immediate 
Producllnfo: 
(600) 548-6132 
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OPA606KM 
OPA606LM 
OPA606KP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
(0 
0 
FREQUENCY 
RESPONSE 
(0 


Gain Bandwidth 
Small Signal 
10 
12.5 
11 
13 
9 
12 
MHz 


~ 
Full Power Response 
20Vp-p, 
RL = 2kO 
515 
550 
470 
kHz 
Slew Rate 
Vo = ±10V, 
22 
33 
25 
35 
20 
30 
W~s 
0 
RL = 2kO 
Settling Time(1): 0.1% 
Gain = -1, 
1.0 
1.0 
1.0 
~s 


RL = 2kO 
0.01% 
10V Step 
2.1 
2.1 
2.1 
~s 


Total Harmonic 
Distortion 
G = +1, 20Vp-p 
0.0035 
0.0035 
0.0035 
% 


RL = 2kO 
1= 10kHz 
en 
INPUT OFFSET 
VOLTAGEI') 
a:: 
Input Offset Voltage 
VCM 
= OVDC 
±180 
±1.5mV 
±100 
±5oo 
±3oo 
±3mV 
~V 
W 
Average 
Drift 
T" '"TM1N to TMAX 
±5 
±3 
±5 
±10 
~Vf'C 
u:: 
Supply Rejection 
Vcc = ±10V 10 ±18V 
82 
100 
90 
104 
80 
90 
dB 


±10 
±79 
±6 
±32 
±32 
±100 
~VN 
::i 
BIAS CURRENT(') 
D. 


Input Bias Current 
VCM = OVDC 
±7 
±15 
±5 
±10 
±8 
±25 
pA 
:i!: 
OFFSET 
CURRENTl') 
c( 
Input Offset Current 
VCM = OVDC 
±0.6 
±10 
±0.4 
±5 
±1 
±15 
pA 
..J 
NOISE 
c( 


Voltage, fo = 10Hz 
100% tested (L) 
37 
30 
40 
37 
nV/-JHz 
Z 
100Hz 
100% tested (L) 
21 
20 
28 
21 
nV/-JHz 
0 
1kHz 
100% tested (L) 
14 
13 
16 
14 
nV/-JHz 


10kHz 
(3) 
12 
11 
13 
12 
nW-JHz 
~ 
20kHz 
(3) 
11 
10.5 
13 
11 
nV/-JHz 


Is = 10Hz to 10kHz 
(3) 
1.3 
1.2 
1.5 
1.3 
~Vrms 
a:: 
Current, 
fo = 0.1 Hz thru 20kHz 
(3) 
1.5 
1.3 
2 
1.7 
fAl-JHz 
W 
IMPEDANCE 
D. 


Differential 
10"111 
10"111 
10"111 
Q II pF 
0 
Common-Mode 
10'4113 
1014113 
1014 II 3 
Q II pF 


VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±10.5 
±11.5 
±11 
±11.6 
±10.2 
±11 
V 


Common-Mode 
Rejection 
V,N = ±10VDC 
80 
95 
85 
96 
78 
90 
dB 


OPEN·LOOP 
GAIN, DC 


Open-Loop 
Voltage Gain 
AL 
~ 2kn 
95 
115 
100 
118 
90 
110 
dB 


RATED OUTPUT 
Voltage Ouiput 
RL = 2kO 
±11 
±12.2 
±12 
±12.6 
±11 
±12 
V 


Current Output 
Vo = ±10VDC 
±5 
±10 
±5 
±IO 
±5 
±10 
mA 
Output Resistance 
DC, Open Loop 
40 
40 
40 
Q 


Load Capacitance 
Stability 
Gain = +1 
1000 
1000 
1000 
pF 
Short Circuit Current 
10 
20 
10 
20 
10 
20 
mA 


POWER SUPPLY 
Rated Voltage 
±15 
±15 
±15 
VDC 
Voltage Range, 


Derated Performance 
±5 
±18 
±5 
±18 
±5 
±I8 
VDC 
Current, Quiescent 
10 = OmADC 
6.5 
9.5 
6.2 
9 
6.5 
10 
mA 


TEMPERATURE 
RANGE 


Specification 
Ambient Temperature 
KM, KP, LM 
0 
+70 
0 
+70 
0 
+70 
°C 
Operating 
Ambient Temperature 
-55 
+125 
-55 
+125 
-40 
+85 
°C 
8JA 
200 
200 
155 
°CiW 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumos 
no responsibility 
for inaccuracies 
or omissions. 
BUAA·BAOWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 


any BURR· BROWN product for use in life support devices and/or systems. 
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ELECTRICAL 
(FULL 
TEMPERATURE 
RANGE 
SPECIFICATIONS) 


OPA606KM 
OPA606LM 
OPA606KP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specification 
Range 
Ambient Tamp. 
0 
+70 
0 
+70 
0 
+70 
·C 


INPUT OFFSET 
VOLTAGE!') 


Input Offset Voltage 
VCM: 
OVDC 
±400 
±2mV 
±335 
±750 
±750 
±3.5mV 
llV 
Average 
Drift 
±5 
±3 
±5 
±10 
llVrC 


Supply Rejection 
Vcc = ±10V 10 ±18V 
80 
98 
85 
100 
78 
95 
dB 


±13 
±100 
±10 
±56 
±18 
±126 
llYN 


BIAS CURRENT!') 
Input Bias Current 
VCM : OVDC 
±156 
±339 
±113 
±226 
±181 
±566 
pA 


OFFSET 
CURRENTl') 
Input Offset Current 
VCM = OVDC 
±14 
±226 
±9 
±113 
±23 
±339 
pA 


VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±10.4 
±11.4 
±10.9 
±11.5 
±10 
±10.9 
V 
Common· Mode Rejection 
V" 
= ±10VDC 
78 
92 
82 
95 
75 
88 
dB 


OPEN-LOOP 
GAIN, DC 


Open-Loop 
Voltage Gain 
RL ~ 2kil 
90 
106 
95 
112 
88 
104 
dB 


RATED OUTPUT 
Voltage Output 
RL = 2kil 
±10.5 
±12 
±11.5 
±12.4 
±10.4 
±11.8 
V 
Current Output 
Vo = ±10VDC 
±5 
±10 
±5 
±10 
±5 
±10 
mA 


POWER SUPPLY 
Current, Quiescent 
10 = OmADC 
6.6 
10 
6.4 
9.5 
6.6 
10.5 
mA 


Supply Voltage.. 
. 
±18VDC 
Internal Power Dissipation 
(1) 
.•••••••••••••••••••••.•••••••.••.••••.••.••.•••••••••••• 
500mW 


Differential Input Voltage.. 
. 
±36VDC 
Input Voltage Range 
..±18VDC 
Storage Temperature 
Range. 
. 
M = -65°C 
to +150°C 


P = -40·C 
to +85·C 


... M = -55·C 
to +125·C 


P : -40·C 
to +85·C 


................................... 
+3000C 


.. _ 
Continuous 
.................. 
+175'C 


Lead Temperature 
(soldering, 
10s) 


Output Short-Circuit 
Ouration(3) .... 


Junction Temperature 


NOTES: (1) Packages must be derated based on 8JC = 15·CIW or 8J•. (2) 
For supply 
voltages 
less than ±18VDC, 
the absolute 
maximum 
input 


voltage is equal to the negative supply voltage. (3) Short circuit may be to 
power supply common 
only. Rating applies to +25DC ambient. 
Observe 
dissipation 
limit and TJ. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


OPA606KM 
TO-99 
001 
OPA606LM 
TO-99 
001 
OPA606KP 
Plastic DIP 
006 


TEMPERATURE 


MODEL 
PACKAGE 
RANGE 


OPA606KM 
TO-99 
O·C to 70·C 
OPA606LM 
TO-99 
O·C to 70·C 
OPA606KP 
Plastic DIP 
O·C to 70·C 
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Wideband 
Precision 
OPERATIONAL 
AMPLIFIER 


FEATURES 


• 
LOW NOISE: 2.3nVl'iiii 


• 
HIGH OUTPUT 
CURRENT: 
100mA 


• 
FAST SETILlNG: 
25ns (0.01%) 


• 
GAIN-BANDWIDTH: 
200MHz 


• 
UNITY-GAIN 
STABLE 


• 
LOW OFFSET 
VOLTAGE: 
±100~V 


• 
LOW DIFFERENTIAL 
GAINIPHASE 
ERROR 


• 
8-PIN DIP, SOIC PACKAGES 


The OPA620 is a precision wideband monolithic opera- 
tional amplifier 
featuring 
very fast settling 
time, low 
differential 
gain 
and 
phase 
error, 
and 
high 
output 
current drive capability. 


The OPA620 
is internally 
compensated 
for unity-gain 
stability. 
This amplifier 
has a very low offset, 
fully 
symmetrical 
differential 
input 
due to its "classical" 
operational 
amplifier circuit architecture. 
Unlike "cur- 
rent-feedback" 
amplifier designs, the OPA620 may be 


Non-Inverting 
3 


Input 


• 
LOW NOISE PREAMPLIFIER 


• 
LOW NOISE DIFFERENTIAL 
AMPLIFIER 


• 
HIGH-RESOLUTION 
VIDEO 


• 
HIGH-SPEED 
SIGNAL 
PROCESSING 


• 
LINE DRIVER 


• 
ADC/DAC 
BUFFER 


• 
ULTRASOUND 


• 
PULSEIRF 
AMPLIFIERS 


• 
ACTIVE 
FILTERS 


used in all op amp applications 
requiring 
high speed 
and precision. 


Low noise and distortion, 
wide bandwidth, 
and high 


linearity make this amplifier suitable for RF and video 
applications. 
Short-circuit 
protection is provided by an 
internal current-limiting 
circuit. 


The 
OPA620 
is available 
in plastic, 
ceramic, 
and 
sOle packages. 
Two temperature 
ranges are offered: 


-40oe 
to +85°e and -55°e 
to +125°e. 


4 
-Vcc 


International 
Airport 
Industrlel 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 


Tel: (520) 746-1111 
• 
Twx: 910.952·1111 
• 
Cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Info: (800) 548-6132 
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At Vcc = ±5VDC, 
Rl:: 10011, and T", ""+25°C 
unless otherwise 
noted. 


OPA620KP, 
KU, KG 
OPA620SG 
OPA620LG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT NOISE 
Voltage: fo: 
100Hz 
Rs : on 
10 
nV/v'Hz 


fo= 1kHz 
5.5 
nVl-IHz 


fo·IOkHz 
3.3 
nVl-IHz 


fo: 
100kHz 
2.5 
nVlv'Hz 


fo=IMHz 
to l00MHz 
2.3 
-;;: 
nVl-IHz 


f._100Hz 
to 10MHz 
8.0 
~V. rms 


Current:fo= 
10kHz to 100MHz 
2.3 
pAl-IHz 


OFFSET VOLTAGE!') 
Input Offset Voltage 
VCM = OVDC 
±200 
±lmV 
±100 
±500 
~V 


Average 
Drift 
T.•.= TM1N 
to Tw.x 
±8 
~VI·C 
Supply Rejection 
±Vcc = 4.5V 
to 5.5V 
50 
60 
55 
dB 


BIAS CURRENT 
Input Bias Current 
VCM 
= OVDC 
15 
30 
25 
~ 


OFFSET 
CURRENT 
Input Offset Current 
VCM 
• OVDC 
0.2 
2 
~ 


INPUT IMPEDANCE 
Differentia! 
Open-Loop 
15111 
kQ IIpF 


Common-Mode 
1111 
Mn IlpF 


INPUT VOLTAGE 
RANGE 
Common·Mode 
Input Range 
±3.0 
±3.5 
V 
Common-Mode 
Rejection 
V,N 
• ±2.5VDC, 
Vo' 
OVDC 
65 
75 
70 
dB 


OPEN-LOOP 
GAIN, DC 
Open-Loop 
Voltage Gain 
RL - 
loon 
50 
60 
55 
dB 
RL: 
son 
48 
58 
53 
dB 


FREQUENCY 
RESPONSE 


Closed-Loop 
Bandwidth 
Gain = +1VN 
300 
MHz 
(~B) 
Gain:: 
+2VN 
100 
MHz 


Gain = +SVN 
40 
MHz 
Gain = +10VN 
20 
MHz 


Gain-Bandwidth 
Gain = +10VN 
200 
MHz 
Differential 
Gain 
3.58MHz, 
G • +1VN 
0.05 
% 


Differential 
Phase 
3.58MHz, 
G = +IVN 
0.05 
Degrees 


Harmonic 
Distortion(2) 
G = +2VN, 
f • 
10MHz, Vo' 
2Vp-p 
Second 
Harmonic 
-61 
-50 
dBc{3) 


Third Harmonic 
-65 
-55 
dBc 


Full Power 
Response(2) 
Vo' 
5Vp-p, Gain. 
+IVN 
II 
16 
MHz 


Vo' 
2Vp-p, Gain. 
+IVN 
27 
40 
MHz 


Slew 
Rate(2) 
2V Step, Gain. 
-1VN 
175 
250 
V/~ 


Overshoot 
2V Step, Gain. 
-1VN 
10 
% 


Settling 
Time: 0.1% 
2V Step, Gain. 
-IVN 
13 
ns 
0.01% 
25 
ns 


Phase 
Margin 
Gain = +1VN 
60 
Degrees 


Rise Time 
Gain = +1VN, 
10% to 90% 


Vo: 
l00mVp-p; 
Small Signal 
2 
ns 


Vo' 
6Vp-p; Large Signal 
22 
ns 


RATED OUTPUT 
Voltage Output 
RL• 
loon 
±3.0 
±3.5 
V 


RL• 
son 
±2.5 
±3.0 
V 


Output 
Resistance 
IMHz, 
Gain. 
+IVN 
0.015 
n 


Load Capacitance 
Stability 
Gain::s: +1VN 
20 
pF 
Short Circuit Current 
Continuous 
±150 
mA 


POWER SUPPLY 
Rated Voltage 
±Vcc 
5 
VDC 


Derated 
Performance 
±Vcc 
4.0 
6.0 
VDC 


Current, 
Quiescent 
10= OmADC 
21 
23 
mA 


TEMPERATURE 
RANGE 
Specification: 
KP, KU, KG, LG 
Ambient 
Temperature 
-40 
+85 
·C 


SG 
-55 
+125 
·C 
Operating: 
KG, LG. SG 
Ambient 
Temperature 
-55 
+125 
-55 
+125 
OC 


KP, KU 
-40 
+85 
OC 


"JA 
KG. LG, SG 
125 
125 
·CIW 


KP 
90 
·CIW 
KU 
100 
·CIW 
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OPA620KP, 
KU, KG 
OPA620SG 
OPA620LG 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
0 
N 
TEMPERATURE 
RANGE 
(0 


Specification: 
KP, KU, KG, LG 
Ambient Temperature 
-40 
+85 
°C 
~ 
SG 
-55 
+125 
°C 


OFFSET VOLTAGE!') 
0 
Average 
Drift 
Full Temp. 
±8 
~V/oC 


Supply Rejection 
O°C to +70°C ±Vcc : 4.5V to 5.5V 
45 
60 
50 
dB 
Full Temp., ±Vcc : 4.5 to 5.5V 
40 
55 
45 
dB 


BIAS CURRENT 
Input Bias Current 
Full Temp., VCM : 
OVDC 
15 
40 
35 
~A 


OFFSET 
CURRENT 
en 


Input Offset Current 
Full Temp., VCM : 
OVDC 
0.2 
5 
~A 
a: 


INPUT VOLTAGE 
RANGE 
W 


Common-Mode 
Input Range 
±2.5 
±3.0 
V 
i:i: 
Common-Mode 
Rejection 
V,N : 
±2.5VDC, 
Vo : OVDC 
60 
75 
65 
dB 
:J 


OPEN LOOP GAIN, DC 
D. 


Open-Loop 
Voltage Gain 
RL: 
lOOn 
46 
60 
52 
dB 
:!: 
RL: 
50n 
44 
58 
50 
dB 
<C 


RATED OUTPUT 
..J 


Voltage Output 
O°C to +70°C, RL: 
lOon 
±3.0 
±3.5 
V 
<C 


-40°C 
to +85°C, RL 
: 
100n 
±2.75 
±3.25 
V 
Z 
O°C to +70°C, RL 
: 
50n 
±2.5 
±3.0 
V 
0 
-40°C 
to +85°C, RL 
: 
50n 
±2.25 
±2.7 
V 


POWER SUPPLY 
~ 
Current, Quiescent 
10: OmADC 
21 
25 
mA 
a: 
• 
Same specifications 
as for KP/KU. 
W 
NOTES: 
(1) Offset Voltage specifications 
are also guaranteed 
with units fully warmed 
up. (2) Parameter 
is sample tested. (3) dBc ::: dB referred to carrier-input 
Q. 
~ 
0 


Positive Supply (+Veel 


Output 


OPA620 
() 
Basic Model Number 
=r-_-' 
T 


Performance 
Grade Code 
- 
K, L : -40°C 
to +85°C 
S : -55°C 
to +125°C 
Package Code 
---.J 


G : 8-pin Ceramic DIP 
P : 8-pin Plastic DIP 
U : 8-pin Plastic SOIC 
Reliability 
Screening 


Q - Q-Screened 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


OPA620KP 
8-Pin Plastic DIP 
006 


·OPA620KU 
a-pin Plastic SOIC 
182 
OPA602KG 
a-pin Ceramic DIP 
157 
OPA620LG 
a-Pin Ceramic DIP 
157 
OPA620SG 
8-Pin Ceramic DIP 
157 
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Supply 
±7VDC 


Internal Power Dissipation(1) 
See Applications 
Information 
Differential 
Input Voltage 
Total Vcc 


Input Voltage Range _, 
See Applications 
Information 
Storage Temperature 
Range: KG, LG, SG 
-<55°C to +150°C 
KP, KU 
-40°C 
to +125°C 
Lead Temperature 
(soldering, 
105) 
+300°C 
(soldering, 
SOIC 35) 
+260°C 
Output Short Circuit to Ground (+25°C) 
Continuous 
to Ground 
Junction Temperature 
(TJ) 
+175°C 


NOTE: (1) Packages must be derated based on specified 
(J JA' 
Maximum 


TJ must be observed. 


; RG2 h 
!i.i.~~~;:!+;~~:~~"~~+ 
.:~:li;TJ;rr[<7~,J 
[t····}~'fi.. 


Il: 
. 
,::.~' 
~"~" 
t?Ji 
L_;~ll 
111~:ll 
~: 
. 
r[: 
'1,· 
.' 
0! 
: + 
':= 


0; 
, 


rJ~ 
i 
~l' ; 
'j 


::+ 
+ :::. 


i'- 


P 
Phase 


Gain 


Phase 
Margin 
'\ 


~60· 


iD 80 
~ 


<= 
~ 
60 
8. 
~ 
40 
g 


8" 
20 


...J! 
0 


-20 
1k 
100k 
1M 
10M 
100M 


Frequency (Hz) 


.... 
'":E 
(/) 
~ 
+4 
~ 
n- 


O 
+2 


-45 
0 
iD 
90 
~ -2 
<= 
'<;j 
Cl 
135 
-4 


180 
-6 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
NC 
7 
-Vce 


2 
-Input 
8 
NC 
3 
+lnput 
9 
Vour 
4 
NC 
10 
+Vce 


5 
NC 
11 
NC 
6 
NC 
12 
NC 
13 
NC 


MILS (0.001·) 
MILLIMETERS 


Die Size 
63 x 47 ±5 
1.22x 
1.63 ±C.13 


Die Thickness 
20±3 
0.51 ±C.08 
Min. Pad Size 
4x4 
0.10 x 0.10 


Backing 
Gold 
Metalization 
Gold 


III/ 


\ 
~ 
\. 


'fm 


\ 
\ 


IIII 


....•. 


~\ 
Ope n-loop 
Phase 
i\ 
\ 
r-...., ~I\ 


IM~60· 


10M 
100M 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 


At Vcc = ±5VDC. R,=l00n, 
and T. = +25"C unless otherwise noted. 


Av= 
+2VN CLOSED-LOOP 


SMALL-SIGNAL 
BANDWIDTH 
C 


+10 
II] 


;::: 
+24 
Ao.. 
s:; 
'" 
+8 
~ 
+22 
~ti - 


s:;a. 


+6 
0 
+20 
iil 
\ 
iil 
:9- 
+4 
-45 
:; 
+18 
c 
'0; 
n-Loop Phaj 
\\ 


'0; 
Cl 
Cl 


+2 
'\ 


-90 
+16 


I 
-135 
+14 
riim 
"- 
-2 
-180 
+12 


1M 
10M 
100M 
lG 
1M 


Frequency (Hz) 


IIII 
I 


Rc .50n 


'\ 


\ 
~ 


R~ ~~oJ 


\ 
~ 


\ 
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I 
I I1II 


R, .50n 


I 
I 
II 


I 
I 
I 
I 
\ 


I 
I 
I 


1'\ 


I 
III 
I I I II 
I 
I 
II 
II 
I~ 


~ 
10 
[ 
$ 
'0z 


Q) 
~ 
0> 


0.1 


100 


-- 


@ 
2.8 
26~ 


'> 
<;: 
.s 
.e, 
5: 
2.5 
2.3 
~ 
·0 
Voltage 
Noise 
·0 
z 
z 


<I) 
C 
'"~ 
~ 
0 
2.2 
2.0 c3 
> 


1.9 
1.7 


-75 
-50 
-25 
+25 
+50 
+75 
+100 
+125 


INPUT OFFSET VOLTAGE CHANGE 


INPUT OFFSET VOLTAGE WARM-UP DRIFT 
DUE TO THERMAL SHOCK 
+100 
+1000 


~ 
+50 
~ 
+500 


<I) 
<I) 


'" 
g> 
coos 
~ 
.c: 
0 
0 


<I) 
0 
<I) 


'" 
'" 
~ 
g 
0 
"0 
> 
> 


~ 


-50 
;; 
-500 
:J!! 
0 


-100 
-1000 
-1 
+1 
+2 
+3 
+4 
+5 


Time from Power Turn-on 
(min) 
Time from Thermal 
Shock (min) 


BIAS AND OFFSET CURRENT 
BIAS AND OFFSET CURRENT 
vs INPUT COMMON-MODE 
VOLTAGE 
vs TEMPERATURE 


25 
0.8 
21 
0.8 


20 
0.6 
18 
0.6 
~ 
~ 
~ 
~ 


co 
~current 
C 
co 
C 
~ 15 
0.4 ~ 
~ 15 
0.4 ~ 
0 
0 
0 
0 


l(l 
~ 
~ 
~ 
os 
iii 
iii 
10 
0.2 
12 
0.2 0 


Offset Current 


9 
0 
9 
0 


-4 
-3 
-2 
-1 
0 
+1 
+2 
+3 
+4 
-75 
-50 
-25 
+25 
+50 
+75 
+100 
+125 


Common-Mode 
Voltage (V) 
Ambient 
Temperature 
(0G) 
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TYPICAL PERFORMANCE CURVES (CONT) 


CD 
80 
:!2. 
c0 
60 
t5 
a>'ij) 
a: 
40 
a> 
'0 
0 
::;; 
20 
i: 
0 
E 
E 
00 


"- 


Vo= 
OVDC 
" 
t'-. 


CD 
80 
:!2. 
c 
60 
0ti 
a>'ij) 
a: 
40 
>- 
Ci 
Co~ 20 
00 
:;;~ 
0 
0.. 


~PS 
k 


l>- 
i' 
-,sri 


I 


80 


CD 
:!2. 75 
c0i 
a: 
70 
a> 
'0 
0 
~ 
0 
E 
65 
E 
00 


Vo = OVDC 


25 


;< 
23 


.s 


c 
5 
21 
0 
>- 
Cig- 
oo 
19 
--v 
- 
...---e-- 
V 


SMALL-SIGNAL 
TRANSIENT 
RESPONSE 
LARGE-SIGNAL 
TRANSIENT 
RESPONSE 


+3 


+50 
:;;- 
:;;- 
.s 
.s 


a> 
a> 
~ 
0> 
.!!l 
0 
<5 
> 
> 
:; 
:; 
.9- 
.9- 


<5 
-50 
<5 


-3 


25 
50 
100 
200 


Time (ns) 
Time (ns) 
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TYPICAL PERFORMANCE CURVES (CO NT) 


0;- 
E- 
•• 
60 
E 
;:: 
'" 
c 
40 
! 


-4 
-5 
~ 
-7 
~ 
-9 
-10 


Closed-Loop 
Gain (VN) 


80 


iD 
70 
~ 
a: 
::E 
0 
60 
rr 
en 
Q. 


;:; 


50 
« 


" 


I 


CMR 


PSR--:.. 
- 
R'""" 
"Act 


+25 
+50 
+75 
+100 
+125 


Temperature 
("C) 


0.5 


0.4 


~ 
c 
0.3 
·iii 
Cl 
~ 0.2 
i!'.• 
'l= 
i5 
0.1 


0 


f = 3.58MHz 
I 
I 


RL = 7SQ(Two Back-Terminated 
Outputs) 


I 
I 
I 


160 


140 


120 
0;- 
E- 
100 
.• 
E 
;:: 
80 
'" 
.S; 
60 
E.• 
en 
40 


20 


0 
0 
4 


Output Vohage Change (V) 


1.5 
Settling TIme 
.•" 
"iii> 
--- 
.• 1.0 
." 
1ii 
Gain-Bandwichh 
a;a: 


0.5 
Slew Rate 


~ 
0.8 
i!'~ 
o 
-; 
0.6 
~ 
Q. 


"iij 
0.4 
E 
i!' 
~ 
0.2 
o 


+25 
+50 
+75 
+100 
+125 


Temperature 
(0G) 


f= 3.58MHz 


I 
I 


RL = 7SQ(Two Back-Terminated 
Outputs) 


I 
I 
j 
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TYPICAL PERFORMANCE CURVES (CONT) 


-{30 


g -40 
~ 
c: 
0 
-50 
t"~ 
0 
.11 
4>0 
c: 
0§ 
'" 
-70 
I 


, 


G 
• +2VN 
Vo = 0.5Vp-p 


RL = son 
II 
III 


~ 
'j 


2f 
~ 
k" 
- 
I- 
"31 
-.- 


r 
- 
f-' 


-40 
g~j 
o 
o 
'"o 
~ 
I 


G 
=+2VN 
RL• 
son 
Ie = 1MHz 


"31I 


0.125Vp-p 
0.25Vp-p 
0.5Vp-p 
1Vp-p 
2Vp-p 


APPLICATIONS INFORMATION 


DISCUSSION 
OF PERFORMANCE 


The OPA620 
provides 
a level of speed and precision 
not 
previously 
attainable 
in monolithic 
form. 
Unlike 
current 
feedback amplifiers, the OPA620's 
design uses a "classical" 
operational 
amplifier architecture 
and can therefore be used 
in all traditional 
operational 
amplifier applications. 
While it 
is true that current feedback 
amplifiers 
can provide 
wider 
bandwidth 
at higher gains, they offer many disadvantages. 
The asymmetrical 
input characteristics 
of current feedback 
amplifiers (i.e., one input is a low impedance) prevents them 
from being used in a variety of applications. 
In addition, 
unbalanced 
inputs make input bias current errors difficult to 
correct. 
Bias current 
cancellation 
through 
matching 
of in- 
verting 
and 
non-inverting 
input 
resistors 
is impossible 
because 
the input bias currents 
are uncorrelated. 
Current 
noise is also asymmetrical 
and is usually significantly 
higher 
on the inverting input. Perhaps most important, settling time 
to 0.01% 
is often extremely 
poor due to internal 
design 
tradeoffs. 
Many 
current 
feedback 
designs 
exhibit 
settling 
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g -40 
~ 
c:0 
-50 
'r 
~ 
0 
.11 
4>0 
c:0§ 
'" 
-70 
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G 
=+2VN 
1/ 


- 


Vo =2Vp-p 
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/ 
V 


2f ,).- 


/,/ 
- 
<' 
- 
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"31 


G 
=+2VN 
RL = son 
Ie = 10MHz 
g~ 
c 
-50 
o 
t"0' 
~ 
450 
o 
.11 
§ 
-70 
~ 
I 
4>0 


-10 
-5 


Power Oulput (dBm) 


times to 0.01 % in excess of 10 microseconds 
even though 
0.1 % settling 
times 
are reasonable. 
Such 
amplifiers 
are 
completely 
inadequate 
for fast settling 
l2-bit applications. 


The OPA620's 
"classical" 
operational amplifier architecture 
employs 
true differential 
and fully symmetrical 
inputs 
to 
eliminate these troublesome 
problems. All traditional circuit 
configurations 
and op amp theory apply to the OPA620. The 
use of low-drift thin-film resistors allows internal operating 
currents to be laser-trimmed 
at wafer-level 
to optimize 
AC 
performance 
such as bandwidth 
and settling time, as well as 
DC parameters 
such as input offset voltage and drift. The 
result is a wideband, high-frequency 
monolithic 
operational 
amplifier 
with a gain-bandwidth 
product 
of 200MHz, 
a 
0.01 % settling 
time of 25ns, and an input offset voltage 
of 
lOOl-tV. 


Maximizing 
the OPA620's 
capability 
requires 
some wiring 
precautions 
and 
high-frequency 
layout 
techniques. 


Oscillation, 
ringing, 
poor 
bandwidth 
and 
settling, 
gain 


llJ.511-03P"-'''-'U 
CUllPJ.J.J.J."-'J.03VYll"-'U 
UI"-'1" 
aJ."-' 
UUpIVP""II] 
U~""U 
• 
.1.11 


general, all printed circuit board conductors 
should be wide 
to provide low resistance, low impedance 
signal paths. They 
should 
also be as short as possible. 
The entire 
physical 


circuit should be as small as practical. 
Stray capacitances 
should be minimized, 
especially 
at high impedance 
nodes, 


such as the amplifier's 
input terminals. Stray signal coupling 


from the output or power supplies 
to the inputs should be 
minimized. 
All circuit element 
leads should be no longer 
than 1/4 inch (6mm) to minimize 
lead inductance, 
and low 
values of resistance should be used. This will minimize time 
constants 
formed 
with the circuit 
capacitances 
and will 
eliminate 
stray, parasitic circuits. 


Grounding 
is the most important 
application 
consideration 
for the OPA620, 
as it is with all high-frequency 
circuits. 


Oscillations 
at frequencies 
of 200MHz and above can easily 


occur if good grounding 
techniques 
are not used. A heavy 
ground plane (2 oz. copper recommended) 
should connect 


all unused areas on the component 
side. Good ground planes 


can reduce stray signal pickup, provide a low resistance, low 
inductance 
common 
return path for signal and power, and 


can 
conduct 
heat 
from 
active 
circuit 
package 
pins 
into 


ambient air by convection. 


Supply bypassing 
is extremely 
critical and must always be 
used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum 
capacitors 
(I J.lFto 


1OJ.lF)with very short leads are recommended. 
Although not 
required, a parallel O.OIJ.lFceramic may be added if desired. 
Surface 
mount 
bypass 
capacitors 
will produce 
excellent 


results 
due 
to their 
low 
lead 
inductance. 
Additionally, 
suppression 
filters can be used to isolate noisy supply lines. 


Properly bypassed 
and modulation-free 
power supply lines 
allow 
full 
amplifier 
output 
and 
optimum 
settling 
time 
performance. 


Points to Remember 
1) Don't use point-to-point 
wiring as the increase in wiring 
inductance 
will be detrimental 
to AC performance. 
How- 


ever, if it must be used, very short, direct signal paths are 
required. 
The input signal ground 
return, the load ground 
return, 
and 
the 
power 
supply 
common 
should 
all 
be 
connected 
to the same physical 
point to eliminate 
ground 
loops, which can cause unwanted 
feedback. 


2) Good component 
selection is essential. Capacitors used in 
critical locations should be a low inductance type with a high 
quality dielectric 
material. Likewise, diodes used in critical 
locations should be Schottky barrier types, such as HP5082- 
2835 
for 
fast 
recovery 
and 
minimum 
charge 
storage. 


Ordinary 
diodes will not be suitable in RF circuits. 


3) Whenever 
possible, 
solder the OPA620 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 


capacitance 
and inductance, 
which can seriously 
degrade 
AC performance 
or produce oscillations. 
If sockets must be 
used, consider using zero-profile 
solderless 
sockets such as 
Augat part number 8134-HC-5P2. Alternately, Teflon® stand- 
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4) Resistors used in feedback 
networks 
should have values 
of a few hundred ohms for best performance. 
Shunt capaci- 
tance problems limit the acceptable resistance range to about 
IkQ 
on the high end and to a value 
that is within 
the 
amplifier's 
output drive limits on the low end. Metal film 
and carbon 
resistors 
will be satisfactory, 
but wirewound 
resistors 
(even 
"non-inductive" 
types) 
are 
absolutely 


unacceptable 
in high-frequency 
circuits. 


5) Surface-mount 
components 
(chip resistors, 
capacitors, 
etc) have low lead inductance 
and are therefore 
strongly 


recommended. 
Circuits using all surface-mount 
components 


with the OPA620KU 
(SOIC package) will offer the best AC 
performance. 
The parasitic package inductance 
and capaci- 
tance for the SOIC is lower than the both the Cerdip and 
8-lead Plastic DIP. 


6) Avoid overloading 
the output. 
Remember 
that output 
current must be provided by the amplifier 
to drive its own 
feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


7) Don't 
forget 
that these 
amplifiers 
use ±5V 
supplies. 


Although 
they will operate 
perfectly 
well with +5V and 
-5.2V, 
use of ±I5V 
supplies will destroy the part. 


8) 
Standard 
commercial 
test 
equipment 
has 
not 
been 
designed 
to test devices 
in the OPA620's 
speed 
range. 


Benchtop 
op amp testers and ATE systems 
will require 
a 


special test head to successfully 
test these amplifiers. 


9) Terminate 
transmission 
line loads. Unterminated 
lines, 


such as coaxial cable, can appear to the amplifier 
to be a 


capacitive 
or inductive 
load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 


10) Plug-in prototype boards and wire-wrap boards will not 
be satisfactory. 
A clean 
layout 
using 
RF techniques 
is 


essential; 
there are no shortcuts. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


The OPA620's 
input offset voltage is laser-trimmed 
and will 
require no further adjustment 
for most applications. 
How- 
ever, if additional adjustment is needed, the circuit in Figure 
1 can be used without degrading 
offset drift with tempera- 
ture. Avoid 
external 
adjustment 
whenever 
possible 
since 
extraneous 
noise, 
such 
as power 
supply 
noise, 
can 
be 


inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 


created 
by the amplifier's 
input bias currents. 
Whenever 


possible, 
match 
the impedance 
seen by both inputs 
as is 


shown with R3. This will reduce input bias current errors to 
the amplifier's 
offset current, which is typically only O.2J.lA. 


INPUT PROTECTION 


Static 
damage 
has 
been 
well 
recognized 
for 
MOSFET 
devices, but any semiconductor 
device deserves 
protection 
from this potentially 
damaging 
source. The OPA620 incor- 
porates on-chip ESD protection diodes as shown in Figure 2. 
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This eliminates the need for the user to add external protec- 
tion diodes, 
which can add capacitance 
and degrade 
AC 
performance. 


All pins on the OPA620 are internally protected from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct 
when 
the 
input 
voltage 
exceeds 
either 
power 
supply by about O.7V. This situation can occur with loss of 
the amplifier's 
power supplies while a signal source is still 


present. 
The diodes can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, 
however, 
diode 
current 
should 
be externally 
limited to lOmA or so whenever 
possible. 


+vcc 
ESO Protection 
diodes internally 


E~ernal 
~ 
l 
~~n:~ 
~o_~ PI~:ternal 


Pin 
~ 
Circuitry 


The internal 
protection 
diodes 
are designed 
to withstand 
2.SkV (using 
Human 
Body Model) 
and will provide 
ad- 
equate 
ESD protection 
for most normal 
handling 
proce- 
dures. However, 
static damage can cause subtle changes in 
amplifier 
input characteristics 
without necessarily 
destroy- 


ing the device. In precision operational 
amplifiers, 
this may 
cause a noticeable 
degradation 
of offset voltage and drift. 


Therefore, 
static protection 
is strongly recommended 
when 
handling the OPA620. 


OUTPUT 
DRIVE CAPABILITY 


The OPA620's 
design 
uses large output 
devices 
and has 
been optimized 
to drive son 
and 7Sn 
resistive loads. The 


device can easily drive 6Vp-p into a son 
load. This high- 
output drive capability 
makes the OPA620 
an ideal choice 
for a wide range of RF, IF, and video applications. 
In many 
cases, additional 
buffer amplifiers 
are unneeded. 


Internal 
current-limiting 
circuitry 
limits 
output 
current 
to 
about 
IS0mA 
at 2SoC. This 
prevents 
destruction 
from 
accidental 
shorts to common 
and eliminates 
the need for 
external current-limiting 
circuitry. 
Although the device can 
withstand momentary 
shorts to either power supply, it is not 
recommended. 


Many 
demanding 
high-speed 
applications 
such as ADCI 
DAC 
buffers require op amps with low wideband 
output ~ 


impedance. 
For example, low output impedance 
is essential ~ 


when driving the signal-dependent 
capacitances 
at the inputs 
of flash AID converters. 
As shown in Figure 3, the OPA620 
maintains 
very 
low closed-loop 
output 
impedance 
over 
frequency. 
Closed-loop 
output 
impedance 
increases 
with 
frequency 
since loop gain is decreasing 
with frequency. 
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FIGURE 3. Small-Signal 
Output Impedance vs Frequency. 


THERMAL 
CONSIDERATIONS 


The OPA620 
does not require a heat sink for operation 
in 
most environments. 
The use of a heat sink, however, 
will 
reduce the internal 
thermal 
rise and will result in cooler, 
more reliable operation. 
At extreme temperatures 
and under 
full load conditions a heat sink is necessary. See "Maximum 
Power Dissipation" 
curve, Figure 4. 
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FIGURE 4. Maximum 
Power Dissipation . 
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The internal power dissipation is given by the equation Po = 
PDQ+ POL'where PDQis the quiescent power dissipation 
and 
POLis the power dissipation 
in the output stage due to the 
load. (For±Vcc=±SV, 
PDQ= 10V x23mA 
= 230mW, max). 


For the case where the amplifier is driving a grounded load 
(RL) with a DC voltage (±VOUT) the maximum 
value of POL 
occurs 
at ±V OUT = ±V cr!2, and is equal 
to POL' max = 


(±V cc)2/4RL. Note that it is the voltage 
across the output 
transistor, 
and not the 
load, 
that 
determines 
the power 
dissipated 
in the output stage. 


When the output is shorted to common POL= SV x ISOmA 
= 7S0mW. Thus, PD= 230mW + 7S0mW = IW. Note that 
the short-circuit 
condition represents 
the maximum 
amount 
of internal power dissipation that can be generated. Thus, the 
"Maximum 
Power Dissipation" 
curve starts at 1Wand 
is 
derated based on a 17SoC maximum 
junction 
temperature 
and the junction-to-ambient 
thermal resistance, 
alA' of each 
package. The variation of short-circuit 
current with tempera- 
ture is shown in Figure S. 
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CAPACITIVE 
LOADS 


The OPA620's 
output 
stage has been optimized 
to drive 
resistive 
loads as low as son. 
Capacitive 
loads, however, 
will decrease the amplifier's 
phase margin which may cause 
high frequency 
peaking 
or oscillations. 
Capacitive 
loads 
greater than 20pF 
should be buffered by connecting 
a small 
resistance, 
usually sn 
to 2Sn, 
in series with the output as 
shown 
in Figure 
6. This 
is particularly 
important 
when 
driving high capacitance 
loads such as flash AID converters. 


In 
general, 
capacitive 
loads 
should 
be 
minimized 
for 
optimum 
high frequency 
performance. 
Coax lines can be 
driven if the cable is properly terminated. The capacitance 
of 
coax cable (29pF/foot for RG-S8) will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


COMPENSATION 


The OPA620 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
60°. However, 


the unity gain buffer is the most demanding 
circuit configu- 
ration for loop stability and oscillations 
are most likely to 
occur in this gain. If possible, use the device in a noise gain 
of two or greater to improve phase margin and reduce the 
susceptibility 
to oscillation. 
(Note 
that, 
from 
a stability 
standpoint, 
an inverting 
gain of -1 VN is equivalent 
to a 
noise gain of 2.) Gain and phase response for other gains are 
shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA620 
in a good 
layout is very flat with frequency. 
However, 
some circuit 
configurations 
such 
as 
those 
where 
large 
feedback 
resistances are used, can produce high-frequency 
gain peak- 
ing. This peaking can be minimized 
by connecting 
a small 
capacitor in parallel with the feedback resistor. This capaci- 
tor compensates 
for the closed-loop, 
high frequency, transfer 
function zero that results from the time constant formed by 
the input capacitance 
of the amplifier (typically 2pF after PC 
board mounting), 
and the input and feedback resistors. The 


selected compensation 
capacitor may be a trimmer, a fixed 
capacitor, 
or a planned PC board capacitance. 
The capaci- 
tance 
value 
is strongly 
dependent 
on circuit 
layout 
and 
closed-loop 
gain. Using small resistor values will preserve 
the phase margin and avoid peaking by keeping 
the break 
frequency 
of this zero sufficiently 
high. When high closed- 
loop 
gains 
are required, 
a three-resistor 
attenuator 
(tee 
network) 
is recommended 
to avoid 
using 
large 
value 
resistors with large time constants. 


SETTLING 
TIME 


Settling time is defined as the total time required, 
from the 
input 
signal 
step, for the output 
to settle 
to within 
the 
specified error band around the final value. This error band 
is expressed 
as a percentage 
of the value 
of the output 
transition, 
a 2V step. Thus, settling time to 0.01 % requires 
an error band of ±200~V 
centered 
around the final value 
of2V. 


Settling time, specified in an inverting gain of one, occurs in 
only 2Sns to 0.01% for a 2V step, making the OPA620 one 
of the fastest 
settling 
monolithic 
amplifiers 
commercially 


available. 
Settling time increases with closed-loop 
gain and 
output voltage change as described in the Typical Perform- 
ance 
Curves. 
Preserving 
settling 
time 
requires 
critical 
attention to the details as mentioned 
under "Wiring Precau- 
tions." 
The 
amplifier 
also 
recovers 
quickly 
from 
input 
overloads. 
Overload recovery time to linear operation 
from 
a SO% overload is typically only 30ns. 
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In practice, 
settling 
time measurements 
on the OPA620 
prove to be very difficult to perform. Accurate measurement 
is next to impossible 
in all but the very best equipped labs. 


Among other things, a fast flat-top generator and high speed 
oscilloscope 
are needed. Unfortunately, 
fast flat-top genera- 
tors, which settle to 0.0 I% in sufficient time, are scarce and 
expensive. Fast oscilloscopes, 
however, are more commonly 
available. For best results, a sampling oscilloscope 
is recom- 
mended. 
Sampling 
scopes typically 
have bandwidths 
that 
are greater 
than 
IGHz 
and very low capacitance 
inputs. 
They also exhibit faster settling times in response to signals 
that would tend to overload a real-time oscilloscope. 


Figure 7 shows the test circuit used to measure settling time 
for the OPA620. 
This 
approach 
uses a 16-bit sampling 
oscilloscope 
to monitor the input and output pulses. These 
waveforms 
are captured 
by the sampling 
scope, averaged, 
and then subtracted from each other in software to produce 
the error signal. This technique 
eliminates 
the need for the 
traditional "false-summing 
junction," 
which adds extra para- 
sitic capacitance. 
Note that instead of an additional 
flat-top 
generator, this technique uses the scope's built-in calibration 
source as the input signal. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DG) 
and Differential 
Phase 
(OP) are 
among the more important 
specifications 
for video applica- 
tions. DG is defined 
as the percent change 
in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop 
phase 
over the same output voltage change. Both DG and DP are 
specified 
at the NTSC sub-carrier 
frequency 
of 3.58MHz. 


DG 
and DP increase 
with 
closed-loop 
gain 
and output 
voltage 
transition 
as shown 
in the Typical 
Performance 
Curves. All measurements 
were performed using a Tektronix 
model VM700 Video Measurement 
Set. 


The OPA620's 
harmonic 
distortion 
characteristics 
into a 
son load are shown vs frequency 
and power output in the 
Typical Performance 
Curves. Distortion 
can be further im- 
proved 
by increasing 
the load resistance 
as illustrated 
in 
Figure 
8. Remember 
to include 
the contribution 
of the 
feedback 
resistance 
when 
calculating 
the effective 
load 
resistance 
seen by the amplifier. 


Two-tone 
third-order 
intermodulation 
distortion 
(1M) is an 
important 
parameter 
for many RF amplifier 
applications. 
Figure 
9 shows 
the OPA620's 
two-tone 
third-order 
1M 
intercept vs frequency. 
For these measurements, 
tones were 
spaced 
IMHz 
apart. This curve is particularly 
useful for 
determining 
the magnitude of the third-order 1M products as 
a function 
of frequency, 
load 
resistance, 
and gain. 
For 
example, 
assume that the application 
requires the OPA620 
to operate in a gain of +2VN 
and drive 2Vp-p into son at 
a frequency of IOMHz. Referring to Figure 9 we find that the 
intercept point is +40dBm. 
The magnitnde 
of the third-order 
1M products 
can 
now 
be 
easily 
calculated 
from 
the 
expression: 
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Third IMD = 2(OPI'P 
- Po) 


where OPI'P 
= third-order 
output intercept, 
dBm 
Po = output level/tone, 
dBm/tone 
Third IMD = third-order 
intermodulation 
ratio 
below each output tone, dB 


For this case OPI'P = 4OdBm, Po = IOdBm, and the third- 
order IMD = 2(40 - 10) = 60dB below either 1000m tone. 
The OPA620's 
low IMD makes 
the device 
an excellent 
choice for a variety of RF signal processing 
applications. 
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To Active 
Probe 
(Channel 2) 
on sampling 
scope. 


NOTE: 
Test 
fixture built using all surface·mount 
components. 
Ground 
plane used on component 
side and entire fixture enclosed 
in metal case. 


Both power supplies bypassed with lO~F Tantalum II O.Ol~F ceramic 
capacitors. 
It is directly connected 
(without cable) to TIME CAL trigger 
source on Sampling Scope (Data Precision's Data 6100 with Model 
640-1 plug-in). Input monitored with Active Probe (Channel 1). 


-40 


g 
-50 
:2- 


<=0 
-60 
'"~ 
is 
<> 
-70 
'c 
0 
~ 
I 
-60 


-90 


NOISE FIGURE 


The OPA620's 
voltage and current noise spectral densities 
are specified 
in the Typical 
Performance 
Curves. 
For RF 
applications, 
however, 
Noise 
Figure 
(NF) 
is often 
the 
preferred noise 
specification 
since 
it allows 
system 
noise 
performance 
to be more easily calculated. 
The OPA620's 
Noise Figure vs Source Resistance 
is shown in Figure 
10. 


For Immediate Assistance, Contact YourLocal Salesperson 
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FIGURE 9. 2-Tone, 3rd Order Intermodulation 
Intercept 
vs 
Frequency. 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 


analyzing 
the performance 
of analog circuits and systems. 
This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. SPICE models using MicroSim 
Corporation's 
PSpice are available for the OPA620. Request 


Burr-Brown 
Application 
Bulletin AB-167. 
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Extensive 
reliability 
testing 
has been 
performed 
on the 


OPA620. Accelerated 
life testing (2000 hours) at maximum 
operating 
temperature 
was used to calculate 
MTTF 
at an 
ambient temperature 
of 25°C. These test results yield MTTF 
of: Cerdip package = 1.31E+9 Hours, Plastic DIP = 5.02E+ 7 
Hours, and SOIC = 2.94E+ 7 Hours. Additional tests such as 
PCT have also been performed. 
Reliability reports are avail- 


able upon request for each of the package options offered. 


ENVIRONMENTAL 
(Q) SCREENING 


The 
inherent 
reliability 
of 
a semiconductor 
device 
is 
controlled 
by the design, 
materials 
and fabrication 
of the 
device-it 
cannot be improved by testing. However, the use 
of environmental 
screening 
can eliminate 
the majority 
of 
those units which would fail early in their lifetimes (infant 
mortality) 
through 
the 
application 
of carefully 
selected 


accelerated 
stress levels. 
Burr-Brown 
"Q-Screening" 
pro- 


vides 
environmental 
screening 
to our standard 
industrial 


products, 
thus enhancing 
reliability. 
The screening 
illus- 


trated in the following 
table is performed 
to selected levels 
similar to those of MIL-STD-883. 


SCREEN 
METHOD 


Internal 
Visual 
Burr-Brown 
QC4118 


Stabilization 
Bake 
Temperalure 
= 125"C. 24 hrs 


Temperature 
Cycling 
Temperature", 
-55°C 
to 125°C, 
10 cycles 


Burn-In 
Test 
Temperature:: 
125°C, 
160 hrs minimum 


Hermetic 
Seal 
Fine: He leak rate < 1 X 10 aim eels 


Gross: 
per Fluorocarbon 
bubble 
test 


Electrical Tests 
As described 
in specifications 
tables. 


External 
Visual 
Burr-Brown QC5150 


Demonstration 
boards to speed prototyping 
are available. 


Request DEMI135 
for 8-Pin DIP, and DEMl136 
for SOIC 


package. 


The InformatIon 
proVided herein Is believed 
to be reuable; however, 
BURR· 
BROWN 
assumes 
no responslbillty 
for Inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR· BROWN does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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V 


our 


High output current drive capability (6Vp-p into 500) 
allows three back-terminated 
75Q transmission 
lines 
to be simultaneously 
driven. 


c, 


~ 
1000pF 


2kn 


R, 
2kn 


te 
: 1MHz 


BW = 20kHz at -{JdB 
a 
=50 


• Select J,. J,and R,. R, to set 


input stage current 
for optimum 


performance. 


I,: 1pA 
eN : 6nV/-IHz 
at 1MHz 
Gain-Bandwidth: 
200MHz 
Slew Rate : 250 VII'S 


Settling 
Time 
: 15n5 
to 0.1 % 
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Differential 
Input 
L~ 


Optional 
back~termination 
re- 


sistors. Output swing and gain 
doubled 
if removed. 


Differential Voltage Gain = 2VN = 1 + 2R,IRG 
Bandwidth, -1ldB = 125MHz 
Slew Rate = 500V I~ 


~l 


Differential 
~J 


Single- 


~ 
Ended 


~ 
Output 
75Q 
~ 
Triax 
Input 


ADC603 
12-8it, 


10MHz AID 


Converter 
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BURR - BROWN® 
IElElI 


Wideband 
Precision 
OPERATIONAL 
AMPLIFIER 


FEATURES 


• 
LOW NOISE: 2.3nVl,lHz 


• 
LOW DIFFERENTIAL 
GAINIPHASE 
ERROR 


• 
HIGH OUTPUT CURRENT: 
150mA 


• 
FAST SETTLING: 
25n5 (0.01%) 


• 
GAIN-BANDWIDTH: 
500MHz 


• 
STABLE 
IN GAINS: ~ 2VN 


• 
LOW OFFSET VOLTAGE: ±100~V 


• 
SLEW RATE: 500V/~ 


• 
a-PIN DIP, SOIC PACKAGES 


• 
LOW NOISE PREAMPLIFIER 


• 
LOW NOISE DIFFERENTIAL 
AMPLIFIER 


• 
HIGH-RESOLUTION 
VIDEO 


• 
LINE DRIVER 


• 
HIGH-SPEED 
SIGNAL 
PROCESSING 


• 
ADC/DAC 
BUFFER 


• 
ULTRASOUND 


• 
PULSEIRF 
AMPLIFIERS 


• 
ACTIVE FILTERS 


amplifier designs, the OPA621 may be used in all op 
amp applications 
requiring 
high speed and precision. 


Low noise and distortion, 
wide bandwidth, 
and high 
linearity make this amplifier suitable for RF and video 
applications. 
Short circuit protection is provided by an 
internal current-limiting 
circuit. 


The 
OPA621 
is available 
in plastic, 
ceramic, 
and 
sOle 
packages. 
Two temperature 
ranges are offered: 


-40oe 
to +85°e 
and -55°e 
to +125°C. 


The OPA62 I is a precision wideband monolithic opera- 
tional amplifier 
featuring 
very fast settling 
time, low 
differential 
gain 
and 
phase 
error, 
and 
high 
output 
current drive capability. 


The OPA62 I is stable in gains of±2VN 
or higher. This 
amplifier 
has 
a very 
low 
offset, 
fully 
symmetrical 
differential 
input due to its "classical" 
operational 
am- 
plifier 
circuit 
architecture. 
Unlike 
"current-feedback" 


Non-Inverting 
3 


Input 


4 
-Vcc 


International 
Airport 
Industria' 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, 
AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 


Tel: (520)746-1111 
• 
Twx: 910-952·1111 
• 
Cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Productlnto: 
(800) 546-6132 
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OPA621 KP, KU 
OPA621 KG, SG 
OPA621LG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT NOISE 
Voijage: 
fo= 100Hz 
Rs = on 
10 
nV/,JHz 


fo= 1kHz 
5.5 
nV/,JHz 


fo= 10kHz 
3.3 
nV/,JHz 


fo= 100kHz 
2.5 
nV/,JHz 


fo= 1MHz to 100MHz 
2.3 
nV/,JHz 


fs= 100Hz to 10MHz 
8.0 
~V, rms 


Current: 
fo= 10kHz to 100MHz 
2.3 
pAl,JHz 


OFFSET VOLTAGE!'} 
Input Offsef Voijage 
VCM = OVDC 
±200 
±lmV 
±100 
±500 
~V 


Average 
Drift 
r" = TM1N to TMAX 
±12 
~V/·C 
Supply Rejection 
±Vcc = 4.5V to 5.5V 
50 
60 
55 
dB 


BIAS CURRENT 


Input Bias Current 
VCM = OVDC 
18 
30 
25 
~ 


OFFSET 
CURRENT 


Input Offset 
Current 
VCM = OVDC 
0.2 
2 
~A 


INPUT IMPEDANCE 
Differential 
Open-Loop 
15111 
kn II pF 


Common-Mode 
1111 
Mn II pF 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input 
Range 
±3.0 
±3.5 
V 


Common-Mode 
Rejection 
V,N = ±2.5VDC, 
Vo = OVDC 
65 
75 
70 
dB 


OPEN·LOOP 
GAIN, DC 


Open-Loop 
Voltage Gain 
RL = loon 
50 
60 
55 
dB 


RL = 50n 
48 
58 
53 
dB 


FREQUENCY 
RESPONSE 


Closed-Loop 
Bandwidth 


(-3dB) 
Gain"" +2VN 
500 
MHz 
Gain = +5VN 
100 
MHz 
Gain = +10VN 
50 
MHz 
Gain-Bandwidth 
Gain = +10VN 
500 
MHz 


Differential 
Gain 
3.58MHz, 
G = +2VN 
0.05 
% 


Differential 
Phase 
3.58MHz, 
G = +2VN 
0.05 
Degrees 


Harmonic 
Distortion(2) 
G = +2VN, 
f = 10MHz, VO = 2Vp-p 
f = 10MHz, 
Second 
Harmonic 
-'<;2 
-50 
dBcl3) 


Third 
Harmonic 
-'<;0 
-70 
dBc 


Full Power 
Response(2) 
Vo = 5Vp-p, Gain = +2VN 
22 
32 
MHz 
Vo = 2Vp-p, Gain = +2VN 
55 
80 
MHz 
Slew Rate(2) 
2V Step, Gain = -2VN 
350 
500 
V/~ 
Overshoot 
2V Step, Gain = -2VN 
15 
% 


Settling 
Time: 
0.1% 
2V Step, Gain = -2V N 
15 
ns 


0.01% 
25 
ns 


Phase 
Margin 
Gain::: +2VN 
50 
Degrees 


Rise Time 
Gain = +2VN, 
10% to 90% 
Vo = 100mVp-p; 
Small Signal 
1.8 
ns 
Vo = 6Vp-p; Large Signal 
8 
ns 


RATED OUTPUT 
Voltage Output 
RL = lOon 
±3.0 
±3.5 
V 


RL = 50n 
±2.5 
±3.0 
V 
Output 
Resistance 
1MHz, Gain = +2VN 
0.015 
n 


load 
Capacitance 
Stability 
Gain = +2VN 
15 
pF 
Short 
Circuit 
Current 
Continuous 
±150 
mA 


POWER SUPPLY 
Rated Voltage 
±Vcc 
5 
VDC 
Derated 
Performance 
±Vcc 
4.0 
6.0 
VDC 
Current, 
Quiescent 
10= OmADC 
26 
28 
mA 


TEMPERATURE 
RANGE 


Specification: 
KP, KU, KG, LG 
Ambient 
Temperature 
-40 
+85 
. 
·C 


SG 
-55 
+125 
·C 


Operating: 
KG, LG, SG 
Ambient 
Temperature 
-55 
+125 
-55 
+125 
"C 


KP, KU 
-40 
+85 
·C 
8JA 
KG, LG, SG 
125 
'25 
·em 


KP 
90 
·cm 
KU 
100 
·cm 
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ELECTRICAL 
(FULL TEMPERATURE 
RANGE SPECIFICATIONS) 


At Vcc • ±5VDC, RL = lOon, and T A = TMIN to TMAX unless otherwise noted. 


OPA621KP, 
KU 
OPA621KG, 
SG 
OPA621LG 


CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
,... 
PARAMETER 
N 
TEMPERATURE 
RANGE 
CD 
Specification: 
KP, 
KU, KG, LG 
Ambient Temperature 
-40 
+85 
·C 
~ 
SG 
-55 
+125 
·C 


OFFSET 
VOLTAGEI') 
0 
Average 
Drift 
Full Temperature 
Range 
±12 
~V/·C 
Supply Rejection 
±Vcc 
= 4.5V to 5.5V 
45 
60 
50 
dB 


BIAS CURRENT 
Input Bias Current 
Full Temperature, 
VCM = OVDC 
18 
40 
35 
~ 


OFFSET 
CURRENT 
en 
Input Offset Current 
Full Temperature, 
VCM = OVDC 
0.2 
5 
~A 


INPUT VOLTAGE 
RANGE 
a: 


Common-Mode 
Input Range 
±2.5 
±3.0 
V 
W 


Common·Mode 
Rejection 
V,N • ±2.5VDC, 
Vo' 
OVDC 
60 
75 
65 
dB 
u: 


OPEN LOOP GAIN, DC 
::::i 
Open-LOOp Voltage Gain 
RL = lOOn 
46 
60 
52 
dB 
Q. 


RL = son 
44 
58 
50 
dB 
~ 
RATED OUTPUT 
<I: 
Vo~age Output 
RL = lOon 
±3.0 
±3.5 
V 
RL·5OU 
±2.5 
±3.0 
V 
~ 


POWER SUPPLY 
<I: 
Current, Quiescent 
10= OmADC 
26 
30 
mA 
Z 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without 
notice. 
No patent rights or licenses 
to any of the circuits 
described 
herein are implied 
or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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OPA621 
( 
) 
( 
) (0) 


Basic Model Number 
=r- J 
Performance 
Grade 
Code 
- 
K, L = -4O"C to .8S·C 
S = -SS·C to .1 2S·C 
Package Code------------------' 
G :::a-pin Ceramic 
DIP 
P • 8-pin Plastic DIP 
U = 8-pin Plastic SOIC 
Reliability 
Screening 
Q = Q-Screening 
----------------' 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


OPA621KP 
8-Pin Plastic DIP 
006 
OPA621KU 
a-Pin Surface 
Mount 
182 
OPA621KG 
8-Pin Ceramic DIP 
1S7 
OPA621SG 
a-Pin Ceramic 
DIP 
1S7 
OPA621LG 
8-Pin Ceramic DIP 
1S7 


Positive Supply (.Vcc) 


Output 


Supply 
. 
±7VDC 


Internal 
Power 
Dissipation(1) 
See Applications 
Information 
Differential Input Voltage 
Total Vcc 
Input Voltage 
Range. 
. 
See Applications 
Information 
Storage Temperature 
Range KG, LG, SG: 
. 
~S·C 
to .1SO·C 
KP, KU: 
-4Q·C to .12S·C 


Lead Temperature 
(soldering, 
10s) .............................................• 
300·C 
(soldering, SOIC 3s) 
.....• 260·C 


Output 
Short Circuit to Ground 
(+25°C) 
Continuous 
to Ground 


Junction Temperature 
(TJ) 
+175°C 


NOTE: (1) Packages must be derated based on specified 9JA. Maximum TJ must 
be observed. 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
NC 
7 
-Vec 
2 
-Input 
8 
NC 
3 
+Input 
9 
VOUT 


4 
NC 
10 
+Vcc 
S 
NC 
11 
NC 
6 
NC 
12 
NC 
13 
NC 


MILS (0.001") 
MILUMETERS 


Die Size 
63x47±S 
1.60 x 1.20 ±0.13 


Die Thickness 
20±3 
0.S1 ±0.08 


Min. Pad Size 
4x4 
0.10xO.10 


Backing 
Gold 
Top Metalization 
Gold 
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TYPICAL PERFORMANCE CURVES 


A v = +5VN 
CLOSED-LOOP 


SMALL-SIGNAL 
BANDWIDTH 
;:: 
+18 


III 
I 


~ 
+24 
(/) 


+16 
,- 
j 
+22 


I/ffir 
\.....--Act. 
D.- 


+14 


111'--'dB . 
100MHz 
\ 
+20 
in 
\ 
in 


~ 
+12 
--.rm- 
, 
-45 
~ 
+18 


'n; 
•.••••••.••_ Open-Loa 
Phase 
\ 
'n; 
Cl 
Cl 
+10 


\!'- 


-90 
+16 


+8 
-135 
+14 
~'1imi 


\ 
\ 
+6 
-180 
+12 
1M 
10M 
100M 
lG 
1M 


Frequency (Hz) 


Av= 
+2VN 
CLOSED-LOOP 
BANDWIDTH 


vs OUTPUT VOLTAGE SWING 


in 
80 
:!!. 
c 
'n; 
60 
Cl.• 
0> 
~ 
40 
> 
0-0 
20 
0l 
0 


i'- 


~~ 
~ 
~hase 


Gain "- 


"- 
Phase i'- 


Margin 


'5~' 


lOOk 
1M 
10M 


Frequency (Hz) 


IIII I 


Rl: 
son 


'\ 


1\ 
" 


- 
<0::E 
(/) 


m 
+10 


.<: 
D.- 


O 
+8 


-45 
+6 
in 


-90 
~ 
+4 


'n; 
Cl 


-135 
+2 


-180 
0 
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II 
r" 


Act. 


II 


~ 
I/Gfirl 
--- 


I 


\ 
'--'dB • 500MHz- 


'-- 


II' 
<___ 
Open-Loop 
Phase 
\ 


............• 


i'). 


Ilr- 


5TI 
\ 


I IIII 
Rl -son 


\ 


~ 


-45-90-' 


Illl I 


RL = son 


I 


" 


I 


I 
I 
:::.. 


I 


~ 
10 '-J 
I 
~ 
.s 
ill 
'0z 
E 
~ 
() 


;;- 
2: +100 
g, 
~ 
() 
" 
0 
~g 


~ 
-100 


As _1kQ 
III 
II 
,II 


r..lll 
I 
Rs = 500ril 
I 
1I1I 
I II 


~ 
-'\06n 
Rs 


'J1on 


IIII 


~ 
2.8 
2.8 ~ 
~ 
~ 
.s 
ill 
2.5 
2.5 
ill 
'0 
'0 
z 
Voltage 
Noise 
z 
" 
E 
0> 
~ 
~ 
0 
2.2 
2.2 
::> 
> 
() 


1.9 
1.9 


-75 
-50 
-25 
+25 
+50 
+75 
+100 
+125 


Ambient Temperature 
(OC) 


+1500 


~ 
+750 
" 
0>c: 
'"" 
() 
0 
" 
0> 
.!!! 
(5> 


~ 


-750 


-1500 
-1 
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TYPICAL PERFORMANCE CURVES (CONT) 


BIAS AND OFFSET CURRENT 
BIAS AND OFFSET CURRENT 
vs INPUT COMMON-MODE 
VOLTAGE 
vs TEMPERATURE 


28 
0.8 
24 
0.8 


23 
0.6 
21 
0.6 
~ 
~ 
~ 
c 
c 


<= 
~ 18 
0.4 ~ 
~ 18 
0.4 


() 
() 
() 
~ 
~ 
'".• 
iii 
iii 


13 
0.2 
15 
0.2 


Offset Current 
/ 
Offset Current 
8 
0 
12 
0 


--4 
-3 
-2 
-1 
0 
+1 
+2 
+3 
+4 
-75 
-50 
-25 
+25 
+50 
+75 
+100 
+125 


Common-Mode 
Voltage (V) 
Ambient Temperature 
(OC) 


iil 
80 
:!< 


<=0 
60 
U".,. 
a: 
40 
"" 
0 
~ 
20 


0 
E 
E0 
() 


Vo~OVDC 
"- 


i' 


Va :OVDC 


iil 


~ 
75 


.~.,. 
a: 
70 
~ 
~ 
o 
E 
65 
E8 


60 
-5 
--4 
-3 
-2 
-1 
0 
+1 
+2 
+3 
+4 
+5 


Common-Mode 
Vohage (V) 
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iil 
80 
:!< 


<= 
60 
0.~.,. 
a: 
40 
>- 
C.g. 


20 
C/) 
Q; 
;< 
0 
0.. 


•....• 
I- 
+ PS 
•.... 


'< 


m 
r-- 


I 


_ 
29 
1 
C"5 
26 
() 
>- 
~ 
C/) 
23 


.•.. 
N 
CD 


~ 


<" 
0 
.3 
C-- 


~ 
() 


~ 


U)a:w 
u:::J 
Q. 
:E 
c:( 
..J 
c:( 
Z0 
fia:w 
Q. 
0 


For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 


+50 
:;-.s 
" 
0> 
.ll! 
0> 
'5g. 
:J0 
-50 


25 


Time (ns) 


100 


Time (ns) 


SETTLING TIME vs CLOSED-LOOP 
GAIN 
SETTLING TIME vs OUTPUT VOLTAGE CHANGE 
100 
160 


Vo• 
2V Step 
140 
80 
120 


0 
0 
G=-2VN 
.S- 


60 
;- 
100 
" 
E 
E 


;:: 
;:: 
80 


0> 
.~ 
c 
40 
13 
'" 


60 
" 
" 
(/) 
(/) 
40 


20 


0.1% 
20 
0.1% 


0 
0 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
-6 
-9 
-10 
0 
4 
8 


Closed-Loop 
Gain (VN) 
Output Voltage Change (V) 


iD 70 
~ 
a:~ 


~ 
60 
(/) 
0.. 


CMR 


PSR--... 
- 


~, 
- 


AOl 


+25 
+50 
+75 
+100 
+125 


Temperature 
(OC) 


1.5 
~ 
1ij> 
" 
1.0 
~ 
a;a: 


0.5 


o 
+25 
+50 
+75 
+100 
+125 


Temperature 
(OC) 
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TYPICAL PERFORMANCE CURVES (CO NT) 


0.5 


0.4 
~ 
c 
0.3 
'iij 
Cl 
0; 
"E 
0.2 
~•. 
'E 
Cl 
0.1 


f :3.58MHz 


I 
I 


RL: 
75Cl(Two Back-Terminated 
Outputs) 


1 
I 


;- 
0.8 
~g 
Cl 
-; 
0.6 
~ 
"-0; 0.4 
~ 


~ 
0.2 


f :3.58MHz 


I 
I 


RL: 
75n (Two Back-Terminated 
Outputs) 


I 
I 
I 


G 
-.2VN 
Vo : 0.5Vp-p 


RL : son 
V 
/ 


21>.-/ 


31~Iow 
nOi~?,floor 


-0 -50 
In 
:!1- 
c 
~-60 
~ 
is 
.Q 
-70 
~.• 
I 
-80 


1M 
10M 


Frequency (Hz) 


4 


Closed-Loop 
Gain (VN) 


-{JO 


g 
-40 


:!1- 
c 
0 
-SO 
'e~ 
is 
." 
-80 
c 
0 
~ -70 
I 


-, 


G 
=.2VN 
Vo = 2Vp-p 


RL = son 


./v 


V 


Iii'" 


./r 
,ill> 


•..... 


1M 
10M 


Frequency (Hz) 


1MHz HARMONIC 
DISTORTION 
1OMHz HARMONIC 
DISTORTION 


vs POWER OUTPUT 
vs POWER OUTPUT 


-40 
-{JO 


G 
: .2VN 
G 
= .2VN 


-SO 
RL = son 
-40 
RL =50n 
g 
fe =1MHz 
g 
fe : 10MHz 


:!1- 
-80 
:!1- 


-50 
c 
c 
.2 
0 


t:: 
'f; 


~ 
-70 
~ -80 
is 


." 
." 
c 
-80 
c 
-70 
0 
0 
~ 
~ 
I 
-90 
I 
-80 


-100 
-90 


-20 
-15 
-10 
-5 
0 
.5 
.10 
.15 
-20 
-15 
-10 
-5 
0 
.5 
.10 
.15 


Power Output (dBm) 
Power Output (dBm) 
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DISCUSSION 
OF PERFORMANCE 


The OPA621 
provides 
a level of speed and precision 
not 
previously 
attainable 
in monolithic 
form. 
Unlike 
current 
feedback 
amplifiers, 
the OPA62 I's design uses a "Classi- 


cal" operational 
amplifier architecture 
and can therefore be 
used 
in all traditional 
operational 
amplifier 
applications. 


While it is true that current feedback amplifiers can provide 
wider bandwidth 
at higher gains, they offer many disadvan- 
tages. 
The 
asymmetrical 
input 
characteristics 
of current 
feedback 
amplifiers 
(i.e. one input 
is a low impedance) 


prevents them from being used in a variety of applications. 
In addition, unbalanced inputs make input bias current errors 
difficult to correct. Bias current cancellation 
through match- 
ing 
of 
inverting 
and 
non-inverting 
input 
resistors 
is 


impossible 
because the input bias currents are uncorrelated. 


Current 
noise is also asymmetrical 
and is usually 
signifi- 


cantly higher on the inverting input. Perhaps most important, 
settling time to 0.01 % is often extremely poor due to internal 
design 
tradeoffs. 
Many 
current 
feedback 
designs 
exhibit 


settling times to 0.01 % in excess of 10 microseconds 
even 
though 
0.1 % settling 
times 
are reasonable. 
Such 
ampli- 
fiers 
are 
completely 
inadequate 
for 
fast 
settling 
12-bit 


applications. 


The OP A621 's "Classical" 
operational 
amplifier 
architec- 
ture employs true differential 
and fully symmetrical 
inputs 


to eliminate 
these 
troublesome 
problems. 
All traditional 
circuit 
configurations 
and 
op amp 
theory 
apply 
to the 
OPA621. 
The use of low-drift 
thin-film 
resistors 
allows 
internal 
operating 
currents 
to 
be 
laser-trimmed 
at 


wafer-level 
to optimize AC performance 
such as bandwidth 
and settling time, as well as DC parameters 
such as input 


offset 
voltage 
and 
drift. 
The 
result 
is 
a wideband, 


high-frequency 
monolithic operational amplifier with a gain- 
bandwidth 
product 
of 500MHz, 
a 0.01 % settling 
time of 
25ns, and an input offset voltage of 100i-tV. 


Maximizing 
the OPA621's 
capability 
requires some wiring 
precautions 
and high-frequency 
layout techniques. 
Oscilla- 
tion, ringing, poor bandwidth and settling, gain peaking, and 
instability 
are typical 
problems 
plaguing 
all high-speed 
amplifiers 
when they are improperly 
used. In general, 
all 
printed circuit board conductors 
should be wide to provide 
low resistance, 
low impedance 
signal paths. They should 


also be as short as possible. 
The entire 
physical 
circuit 


should be as small as practical. Stray capacitances 
should be 
minimized, 
especially 
at high impedance 
nodes, such as the 
amplifier's 
input terminals. 
Stray signal coupling from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) 
to minimize 
lead 
inductance, 
and low values 
of 


resistance should be used. This will minimize time constants 
formed 
with the circuit 
capacitances 
and will eliminate 


stray, parasitic circuits. 


Grounding 
is the most important 
application 
consideration 
for the OPA62 1, as it is with all high-frequency 
circuits. 


",""W 
11 guuu gruunumg 
recnruques 
are not used. A heavy 


ground plane (20z copper recommended) 
should connect all 
unused areas on the component 
side. Good ground planes 


can reduce stray signal pickup, provide a low resistance, low 
inductance 
common 
return path for signal and power, and 
can 
conduct 
heat 
from 
active 
circuit 
package 
pins 
into 
ambient air by convection. 


Supply bypassing 
is extremely 
critical and must always be 


used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum 
capacitors 
(l/-lF to 


10/-lF)with very short leads are recommended. 
Although not 


required, a parallel 0.01/-lF ceramic may be added if desired. 
Surface 
mount 
bypass 
capacitors 
will produce 
excellent 


results 
due 
to their 
low 
lead 
inductance. 
Additionally, 


suppression 
filters can be used to isolate noisy supply lines. 


Properly bypassed 
and modulation-free 
power supply lines 


allow 
full 
amplifier 
output 
and 
optimum 
settling 
time 
performance. 


Points 
to Remember 


1) Don't use point-to-point 
wiring as the increase in wiring 
inductance 
will be detrimental 
to AC performance. 
How- 
ever, if it must be used, very short, direct signal paths are 
required. 
The input signal ground return, the load ground 
return, 
and 
the 
power 
supply 
common 
should 
all 
be 
connected 
to the same physical 
point to eliminate 
ground 
loops, which can cause unwanted 
feedback. 


2) Good component 
selection is essential. Capacitors used in 
critical locations should be a low inductance type with a high 
quality dielectric material. Likewise, 
diodes used in critical 
locations should be Schottky barrier types, such as HP5082- 
2835 
for 
fast 
recovery 
and 
minimum 
charge 
storage. 


Ordinary diodes will not be suitable in RF circuits. 


3) Whenever 
possible, 
solder the OPA621 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 


capacitance 
and inductance, 
which can seriously 
degrade 
AC performance 
or produce oscillations. 
If sockets must be 
used, consider using zero-profile 
solderless 
sockets such as 


Augat part number 8134-HC-5P2. Alternately, Teflon@stand- 
offs located 
close to the amplifier's 
pins can be used to 


mount feedback components. 


4) Resistors used in feedback networks 
should have values 


of a few hundred ohms for best performance. 
Shunt capaci- 
tance problems limit the acceptable resistance range to about 
lkQ 
on the high end and to a value 
that is within 
the 


amplifier's 
output drive limits on the low end. Metal film 
and carbon 
resistors 
will be satisfactory, 
but wirewound 
resistors 
(even 
"non-inductive" 
types) 
are 
absolutely 


unacceptable 
in high-frequency 
circuits. 


5) Surface 
mount 
components 
(chip resistors, 
capacitors, 


etc) have low lead inductance 
and are therefore 
strongly 


recorrunended. 
Circuits using all surtace mount components 


with the OPA621AU 
(SOIC package) will offer the best AC 


performance. 
The parasitic package inductance 
and capaci- 
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tance for the SOIC is lower than the both the Cerdip and 
8-lead Plastic DIP. 


6) Avoid 
overloading 
the output. 
Remember 
that output 
current must be provided by the amplifier to drive its own 
feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


7) Don't 
forget 
that these 
amplifiers 
use ±SV supplies. 
Although 
they will operate 
perfectly 
well with +SV and 
-S.2V, 
use of ±ISV 
supplies 
will destroy 
the part. 


8) Standard 
commercial 
test 
equipment 
has 
not 
been 
designed 
to test devices 
in the OPA62 I 's speed 
range. 
Benchtop 
op amp testers and ATE systems 
will require 
a 
special test head to successfully 
test these amplifiers. 


9) Terminate 
transmission 
line loads. Unterminated 
lines, 


such as coaxial cable, can appear to the amplifier 
to be a 
capacitive 
or inductive 
load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 


10) Plug-in prototype boards and wire-wrap boards will not 
be satisfactory. 
A clean 
layout 
using 
RF techniques 
is 
essential; 
there are no shortcuts. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


The OPA62 I's input offset voltage is laser-trimmed 
and will 
require no further adjustment 
for most applications. 
How- 
ever, if additional adjustment is needed, the circuit in Figure 
I can be used without degrading 
offset drift with tempera- 
ture. Avoid external 
adjustment 
whenever 
possible 
since 
extraneous 
noise, 
such 
as power 
supply 
noise, 
can 
be 
inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 
created 
by the amplifier's 
input bias currents. 
Whenever 
possible, 
match the impedance 
seen by both inputs as is 
shown with R3. This will reduce input bias current errors to 
the amplifier's 
offset current, which is typically only O.2~. 


INPUT 
PROTECTION 


Static 
damage 
has 
been 
well 
recognized 
for MOSFET 
devices, but any semiconductor 
device deserves protection 
from this potentially 
damaging 
source. The OPA621 incor- 
porates on-chip ESD protection diodes as shown in Figure 2. 
This 
eliminates 
the 
need 
for 
the 
user 
to add 
external 
protection 
diodes, which can add capacitance 
and degrade 
AC performance. 


All pins on the OPA621 are internally protected 
from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about O.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 
present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, however, 
diode current should be externally 
limited to IOmA or so whenever 
possible. 
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The internal 
protection 
diodes 
are designed 
to withstand 
2.SkV 
(using 
Human 
Body 
Model) 
and 
will 
provide 
adequate 
ESD protection 
for most normal handling 
proce- 
dures. However, 
static damage can cause subtle changes in 
amplifier 
input characteristics 
without necessarily 
destroy- 
ing the device. In precision operational 
amplifiers, 
this may 
cause a noticeable 
degradation 
of offset voltage and drift. 
Therefore, 
static protection 
is strongly recommended 
when 
handling the OPA621. 


OutputTrimRange=+Ycc( 
R2lto-Ycc( 
R2l 


RTrim 
RTrim 


OUTPUT 
DRIVE CAPABILITY 


The OPA621's 
design 
uses large output 
devices 
and has 
been optimized 
to drive son 
and 7Sn 
resistive 
loads. The 
device can easily drive 6Vp-p into a son 
load. This high- 
output drive capability 
makes the OPA621 
an ideal choice 
for a wide range of RF, IF, and video applications. 
In many 
cases, additional 
buffer amplifiers 
are unneeded. 


Internal 
current-limiting 
circuitry 
limits output 
current 
to 
about 
lS0mA 
at 2SoC. This 
prevents 
destruction 
from 
accidental 
shorts to common 
and eliminates 
the need for 
external current-limiting 
circuitry. 
Although the device can 
withstand momentary 
shorts to either power supply, it is not 
recommended. 


Many 
demanding 
high-speed 
applications 
such as ADCI 
DAC buffers 
require 
op amps with low wideband 
output 
impedance. 
For example, low output impedance 
is essential 
when driving the signal-dependent 
capacitances 
at the inputs 
of flash AID converters. As shown in Figure 3, the OPA621 
maintains 
very 
low closed-loop 
output 
impedance 
over 
frequency. 
Closed-loop 
output 
impedance 
increases 
with 
frequency 
since loop gain is decreasing 
with frequency. 


+v cc 
ESD Protection 
diodes 
internally 


External 
~ 
1 
~~n~~~ 
~o ~I::~:~I 


Pin I 
Circuitry 


10 
§: 
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III 
II 
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10k 
100k 
1M 


Frequency (Hz) 


The OPA621 
does not require a heat sink for operation 
in 
most environments. 
The use of a heat sink, however, 
will 
reduce 
the internal 
thermal 
rise and will result in cooler, 


more reliable operation. At extreme temperatures 
and under 
full load conditions a heat sink is necessary. See "Maximum 
Power Dissipation" 
curve, Figure 4. 


The internal power dissipation 
is given by the equation PD = 
PDQ+ PDL,where PDQis the quiescent power dissipation and 
PDL is the power dissipation 
in the output stage due to the 
load. (For ±Vcc 
= ±5V, PDQ = lOV X 28mA = 280mW, 
max). For the case where the amplifier is driving a grounded 
load (RL) with a DC voltage (±VOUT) the maximum value of 
PDLoccurs at ±VOUT = ±V cel2, and is equal to PDL, max = 
(±V cc)2/4RL. Note that it is the voltage across the output 
transistor, 
and not the 
load, 
that determines 
the power 
dissipated 
in the output stage. 


When the output is shorted to common PDL= 5V X 150mA 
= 750mW. Thus, PD = 280mW + 750mW = IW. Note that 
the short-circuit 
condition 
represents 
the maximum 
amount 
of internal power dissipation that can be generated. Thus, the 
"Maximum 
Power Dissipation" 
curve starts at IW and is 
derated based on a 175°C maximum 
junction 
temperature 
and the junction-to-ambient 
thermal resistance, 
(}JA' of each 
package. The variation of short-circuit 
current with tempera- 
ture is shown in Figure 5. 
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FIGURE 4. Maximum 
Power Dissipation. 
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CAPACITIVE 
LOADS 


The OPA62l's 
output 
stage has been optimized 
to drive 


resistive 
loads as low as 50n. 
Capacitive 
loads, however, 


will decrease the amplifier's 
phase margin which may cause 
high frequency 
peaking 
or oscillations. 
Capacitive 
loads 


greater than 15pF should be buffered by connecting 
a small 
resistance, 
usually 5n 
to 25n, 
in series with the output as 


shown 
in Figure 
6. This is particularly 
important 
when 
driving high capacitance 
loads such as flash AID converters. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot 
for RG-58) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


COMPENSATION 


The OPA621 is stable in inverting gains of ?-2VN 
and in 
non-inverting 
gains ?+2VN. 
Phase margin 
for both con- 
figurations 
is approximately 
50°. Inverting and non-invert- 
ing gains of unity should be avoided. The minimum 
stable 
gains of +2VN 
and -2VN 
are the most demanding 
circuit 
configurations 
for loop stability 
and oscillations 
are most 
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likely to occur in these gains. If possible, use the device in 
a noise gain greater than three to improve phase margin and 
reduce the susceptibility 
to oscillation. 
(Note that, from a 
stability standpoint, an inverting gain of -2V N is equivalent 
to a noise gain of 3.) Gain and phase response for other gains 
are shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA621 
in a good 
layout is flat with frequency 
for higher-gain 
circuits. How- 
ever, 
low-gain 
circuits 
and 
configurations 
where 
large 
feedback 
resistances 
are used, can produce high-frequency 
gain peaking. This peaking can be minimized by connecting 
a small capacitor in parallel with the feedback resistor. This 
capacitor compensates 
for the closed-loop, 
high frequency, 
transfer 
function 
zero that results 
from the time constant 
formed by the input capacitance 
of the amplifier 
(typically 
2pF after PC board mounting), 
and the input and feedback 
resistors. 
The selected 
compensation 
capacitor 
may be a 
trimmer, 
a fixed capacitor, 
or a planned 
PC board capaci- 


tance. The capacitance 
value is strongly dependent on circuit 
layout and closed-loop 
gain. Using smaJl resistor values will 
preserve the phase margin and avoid peaking by keeping the 
break frequency 
of this zero sufficiently 
high. When high 
closed-loop 
gains 
are required, 
a three-resistor 
attenuator 
(tee network) 
is recommended 
to avoid using large value 
resistors 
with large time constants. 


Settling time is defined as the total time required, from the 
input 
signal 
step, for the output 
to settle 
to within 
the 
specified error band around the final value. This error band 
is expressed 
as a percentage 
of the value 
of the output 
transition, a 2V step. Thus, settling time to 0.0 I% requires an 
error band of ±200~V centered around the final value of 2V. 


Settling time, specified in an inverting gain of two, occurs in 
only 25ns to 0.01 % for a 2V step, making the OPA621 one 
of the fastest 
settling 
monolithic 
amplifiers 
commercially 
available. 
Settling time increases with closed-loop 
gain and 
output voltage change as described 
in the Typical Perform- 
ance 
Curves. 
Preserving 
settling 
time 
requires 
critical 


NOTE: 
Test fixture built using all surface-mount 
components. 
Ground 


plane 
used on component 
side and entire fixture enclosed 
in metal case. 
Both power supplies bypassed with 10~F Tantalum II O.Ol~F ceramic 
capacitors. 
It is directly connected 
(without cable) to TIME CAL trigger 
source on Sampling 
Scope (Data Precision's 
Data 6100 with Model 


1540-' 
plug-'n). 
'nput 
monitored 
wltn 
ActIVe 
Probe 
(Cnannel 
'). 


attention to the details as mentioned 
under "Wiring Precau- 
tions." 
The 
amplifier 
also 
recovers 
quickly 
from 
input 
overloads. 
Overload recovery time to linear operation 
from 
a 50% overload is typically only 30ns. 


In practice, 
settling 
time measurements 
on the OPA621 
prove to be very difficult to perform. Accurate measurement 
is next to impossible 
in all but the very best equipped 
labs. 
Among other things, a fast flat-top generator and high speed 
oscilloscope 
are needed. Unfortunately, 
fast flat-top genera- 
tors, which settle to 0.0 I% in sufficient time, are scarce and 
expensive. Fast oscilloscopes, 
however, are more commonly 
available. For best results a sampling osciJIoscope is recom-. 
mended. 
Sampling 
scopes typically 
have bandwidths 
that 
are greater 
than 
IGHz and very low capacitance 
inputs. 
They also exhibit faster settling times in response to signals 
that would tend to overload 
a real-time 
oscilloscope. 


Figure 7 shows the test circuit used to measure settling time 
for the OPA621. 
This 
approach 
uses 
a 16-bit sampling 
osciJIoscope 
to monitor the input and output pulses. These 
waveforms 
are captured 
by the sampling 
scope, averaged, 
and then subtracted 
from each other in software to produce 
the error signal. This technique 
eliminates 
the need for the 
traditional 
"false-summing 
junction," 
which 
adds 
extra 
parasitic capacitance. 
Note that instead of an additional flat- 
top generator, 
this technique 
uses the scope's 
built-in cali- 
bration source as the input signal. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DG) 
and Differential 
Phase 
(DP) 
are 
among the more important 
specifications 
for video applica- 
tions. DG is defined 
as the percent change 
in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop 
phase 
over the same output voltage change. Both DG and DP are 
specified 
at the NTSC sub-carrier 
frequency 
of 3.58MHz. 


DG and DP increase 
with 
closed-loop 
gain 
and output 
voltage 
transition 
as shown 
in the Typical 
Performance 
Curves. AJI measurements 
were performed using a Tektronix 
model VM700 Video Measurement 
Set. 
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Ine 
Ut'AOLl'S 
Harmoruc 
VlstOrtlon characteristics 
into a 
50n load are shown vs frequency 
and power output in the 
Typical 
Performance 
Curves. 
Distortion 
can 
be further 
improved by increasing 
the load resistance 
as illustrated 
in 
Figure 
8. Remember 
to include 
the contribution 
of the 


feedback 
resistance 
when 
calculating 
the effective 
load 
resistance 
seen by the amplifier. 


Two-tone, 
third-order 
intermodulation 
distortion (1M) is an 
important 
parameter 
for many RF amplifier 
applications. 


Figure 
9 shows 
the OPA62 I's two-tone, 
third-order 
1M 
intercept vs frequency. For these measurements, 
tones were 


spaced 
lMHz 
apart. This curve is particularly 
useful for 
determining 
the magnitude of the third-order 1M products as 
a function 
of frequency, 
load resistance, 
and gain. 
For 


example, 
assume that the application 
requires the OPA621 
to operate in a gain of +2VN 
and drive 2Vp-p into 50n at 


a frequency 
of IOMHz. Referring 
to Figure 9 we find that 
the intercept point is +47dBm. The magnitude 
of the third- 


order 1M products 
can now be easily calculated 
from the 


expression: 


Third IMD = 2(OPPP 
- Po) 


where OPPP 
= third-order 
output intercept, 
dBm 
Po = output level/tone, 
dBmltone 
Third IMD = third-order 
intermodulation 
ratio 
below each output tone, dB 


For this case OPPP = 47dBm, Po = 1000m, and the third- 
order IMD = 2(47 - 10) = 74dB below either IOdBm tone. 
The OPA621's 
low IMD makes 
the device 
an excellent 
choice for a variety of RF signal processing 
applications, 
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FIGURE 
9, Two-Tone 
Third-Order 
Intermodulation 
Inter- 


cept vs Frequency, 


The OP A62l 's voltage and current noise spectral densities 
are specified 
in the Typical 
Performance 
Curves. 
For RF 
applications, 
however, 
Noise 
Figure 
(NF) 
is often 
the 


preferred 
noise specification 
since it allows 
system 
noise 
performance 
to be more easily calculated. 
The OPA621's 


Noise Figure vs Source Resistance 
is shown in Figure 
10. 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems, 


This is particularly 
true for Video and RF amplifier circuits 


where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. SPICE models using MicroSim 
Corporation's 
PSpice are available for the OPA621. Request 
Burr-Brown 
Application 
Bulletin AB-167. 


_ 
15 
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UPAb:l1. Accelerated 
life testing (2000 hours) at maximum 
operating 
temperature 
was used to calculate 
MTIF 
at an 
ambient temperature 
of 25°C. These test results yield MTIF 
of: Cerdip package = 1.3IE+9 Hours, Plastic DIP = 5.02E+ 7 
Hours, and SOlC = 2.94E+ 7 Hours. Additional tests such as 
PCT have also been performed. 
Reliability reports are avail- 
able upon request for each of the package options offered. 


ENVIRONMENTAL 
(Q) SCREENING 


The inherent 
reliability 
of a semiconductor 
device is con- 
trolled by the design, materials and fabrication 
of the device 
-it 
cannot be improved 
by testing. 
However, 
the use of 
environmental 
screening can eliminate the majority of those 
units which would fail early in their lifetimes (infant mortal- 
ity) through the application 
of carefully selected accelerated 
stress levels. Burr-Brown 
"Q-Screening" 
provides environ- 
mental screening 
to our standard 
industrial 
products, 
thus 
enhancing reliability. The screening illustrated in the follow- 
ing table is performed 
to selected levels similar to those of 
MIL-STD-883. 


SCREEN 
METHOD 


Internal 
Visual 
Burr-Brown QC4118 


Stabilization 
Bake 
Temperature 
= 125°C, 
24 hrs 


Temperature 
Cycling 
Temperature 
= -55°C 
to 125°C, 10 cycles 


Burn-In 
Test 
Temperature 
= 125°C, 
160 hrs minimum 


Hermetic 
Seal 
Fine: He leak rate < 1 X 10 aim eels 
Gross: 
Perlluorocarbon 
bubble test 


Electrical 
Tests 
As described 
in specifications 
tables. 


External 
Visual 
Burr-Brown 
QC5150 


Demonstration 
boards to speed prototyping 
are available. 
Request DEMI135 
for 8-Pin DIP, and DEMI136 
for SOlC 
package. 
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15.8kQ 
C. 


~ 
1000pF 
Ie =1MHz 
BW = 20kHz at -3dB 


Q =50 


• Select J1• Jtand R1• Rt to set 


input stage current 
for optimum 
performance. 


Minimum 
Stable 
Gain : ~ ±2VN 
I. : 1pA 
e. 
: 6nVl.Ji'fz at 1MHz 
Gain-Bandwidth 
: 500MHz 
Slew Rate 
: 500 V/JlS 
Settling Time: 
18ns to 0.1% 


Single- 


~Ended 


~ 
Output 


o 


Video 
~ 


Input 
~ 


High output current drive capability (6Vp-p into SOO) 


allows three back-terminated 
750: transmission 
lines 
to be simultaneously 
driven. 


7S0Transmission 
Line 
750 


750 


~ 
V 
OUT 


750 


750 


~VOUT 


750 


750 


~VOUT 
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BURR - BROWN® 
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DATA SHEET 


For Complete 
Deta Sheet 
Can FaxLlne 
1-800-548-6133 


Requeat 
Document 
Number 
11131 


Wide-Bandwidth 
OPERATIONAL 
AMPLIFIER 


• 
LARGE 
SIGNAL 
BANDWIDTH: 
150MHz 
(AP), 200M Hz (AU) 


(Voltage-Feedback) 


• 
HIGH OUTPUT 
CURRENT: 
±70mA 


• 
SLEW RATE: 1500VlJlS (AP), 1700VlllS 
(AU) 


• 
DIFFERENTIAL 
GAIN: 
0.15% 


• 
DIFFERENTIAL 
PHASE: 
0.08° 


• 
EXCELLENT 
BANDWIDTHISUPPL 
V 
CURRENT 
RATIO: 
200MHz/5mA 


• 
LOW INPUT BIAS CURRENT: 
-1.2IlA 


The OPA622 
is a monolithic 
amplifier 
component 
designed 
for 
precision 
wide-bandwidth 
systems 
including 
high-resolution 
video, RF and IF circuitry, 


and communications 
equipment. 
It includes 
a mono- 
lithic 
integrated 
current-feedback 
operational 
amplifier 
block and a voltage 
buffer 
block, 
which, 


when combined, 
form a voltage-feedback 
operational 
amplifier. 


When 
combined 
as a current-feedback 
amplifier, 
it 
provides 
a 280MHz large-signal 
bandwidth 
at ±2.SV 
output 
level and a l700V /IJS slew rate. The output 
buffer stage can deliver ±70mA 
output current. The 
high output current capability 
allows the OP A622 to 
drive two son 
or 7Sn 
lines with ±3V output swing, 
making 
it ideal 
along 
with 
the 
low 
differential 
gain/phase 
errors for RF, IF, and video applications. 


• 
BROADCAST/HDTV 
EQUIPMENT 


• 
COMMUNICATIONS 


• 
PULSEIRF 
AMPLIFIERS 


• 
ACTIVE 
FILTER 


• 
HIGH SPEED 
ANALOG 
SIGNAL 
PROCESSING 


• 
MULTIPLIER 
OUTPUT 
AMP 


• 
DIFFERENTIATOR 
FOR DIGITIZED 
VIDEO SIGNALS 


The feedback 
buffer 
stage provides 
700MHz 
band- 
width, a very high slew rate, and a very short signal 
delay 
time. 
It is designed 
primarily 
for interstage 
buffering and not for driving long cables. When com- 
bined with the current-feedback 
amplifier section, the 
OPA622 can be interconnected 
as a voltage-feedback 
amplifier 
with two identical 
high-impedance 
inputs. 


In this configuration, 
it features a low common-mode 
gain, low input offset, and, due to the delay time of the 
additional 
feedback 
buffer, 
a decrease 
in frequency 
bandwidth 
compared 
with 
the 
current-feedback 
configuration. 
Unlike "classical" 
operational 
amplifi- 
ers, the OPA622 achieves a nearly constant bandwidth 
over 
a wide 
gain 
and 
output 
voltage 
range. 
The 
external setting of the open-loop gain with Roo avoids 
a large compensation 
capacitor, 
improves 
the slew 
rate, and allows 
a frequency 
response 
adaption 
to 
various gains and load conditions. 
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DC-SPECIFICATION 
VOLTAGE-FEEDBACK 
AMPLIFIER 
(Figure 5) 


At Vcc = ±5V, la = ±5mA, GCL = +2VN, 
RLDAD 
= loon, 
RsouRc• = 50n, Ra = 430n, 
Roo = 150n and TA = +25·C, unless otherwise specified. 


OPA622AP. 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CLOSED-LOOP 
OUTPUT OFFSET VOLTAGE 
Initial 
1 
±15 
mV 


VB Temperature 
210 
IJ.V/·C 
vs Supply (tracking) 
Vcc = ±4.5V to ±5.5V 
-46 
-50 
dB 
vs Supply (non-tracking) 
Vcc = +4.5V to +5.5V 
-43 
dB 
vs Supply (non-tracking) 
Vcc = -4.5V 
to -5.5V 
-51 
dB 


INPUT BIAS CURRENT 
Initial 
-1.2 
±4 
IJ.A 
vs Temperature 
7 
nAl·C 
vs Supply (tracking) 
Vcc = ±4.5V to ±5.5V 
29 
nAIV 
vs Supply (non-tracking) 
Vcc = +4.5V to +5.5V 
170 
nAIV 


vs Supply (non-tracking) 
Vcc = -4.5V 
to -5.5V 
58 
nAIV 


OFFSET 
CURRENT 
Input Offset Current 
VCM = OV 
0.1 
IJ.A 


INPUT IMPEDANCE 
Differential 
Mode 
2.4111 
Mn II pF 


INPUT NOISE 
Voltage Noise Density 
f = 100kHz to 100MHz 
11 
nV/'IMHz 
Signal·to-Noise 
Ratio 
SIN = 20 log 0.7/(VN 
• v'SMHz) 
89 
dB 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±3.2 
V 
Common-Mode 
Rejection 
V, = +2.5V, Vo = OV 
78 
dB 


RATED OUTPUT 
Gel 
= +1 
Voltage Output 
±3 
±3.2 
V 
Closed-Loop 
Output Impedance 
0.2 
n 


Current Output 
70 
mA 


POWER SUPPLY 
Rated Voltage 
±5 
V 
Derated Performance 
±4.5 
±5.5 
V 
Quiescent 
Current 
Ra = 430n, 
10= OmA 
±4.4 
±5 
±5.6 
mA 
Quiescent 
Current (programmable) 
Useful Range, 10 = OmA 
3 to 8 
mA 


TEMPERATURE 
Operating 
Ambient Temperature 
-40 
85 
·C 
Storage 
Ambient Temperature 
-40 
125 
·C 


Power Supply Voltage 
±6V 
Input Voltage(l) 
±V cc to ±O.7V 
Operating Temperature 
-40°C 
to +85°C 
Storage Temperature.. 
. 
-40°C to +125°C 
Junction Temperature 
+150°C 
Lead Temperature 
(soldering, 
10s) 
+300·C 


NOTE: (1) Inputs are internally diode-clamped 
to ±V cc. 


DESCRIPTION 


14-Pin Plastic DIP 
SO-14 Surlace-Maunt 


TEMPERATURE 
RANGE 


-40·C 
to +85·C 


-40·C 
to +85·C 


PACKAGE 
DRAWING 
MODEL 
DESCRIPTION 
NUMBERI') 


OPA622AP 
14-Pin Plastic DIP 
010 
OPA622AU 
SO-14 Surlace-Mount 
235 


Tho information 
provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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AC-SPECIFICATION 
VOLTAGE-FEEDBACK 
AMPLIFIER 
(Figure 5) 


At Vcc = ±5V, 10= ±5mA, GCL = +2VN, 
RLaAD= 100n, 
RsauRcE = 500, Ra = 430n, 
Roo = 150n and TA = +25'C, 
unless otherwise 
specified. 


OPA622AP 
OPA622AU 


PARAMETER 
CONDmONS 
TYP 
TYP 
UNITS 
N 


FREQUENCY 
DOMAIN 
N 
U) 
LARGE SIGNAL 
Va = 2.8Vp-p, Gain. 
+1VN 
220 
250 
MHz 
~ 
Clased-LaDp Bandwidth (-3d B) 
Va' 
2.8Vp-p, Gain = +2VN 
200 
250 
MHz 
Va' 
2.8Vp-p, Gain = +5VN 
170 
230 
MHz 
0 
Va = 2.8Vp-p, Gain = +10VN 
110 
110 
MHz 
Va = 2.8Vp-p, Gain = -1VN 
150 
250 
MHz 


Va = 2.8Vp-p, Gain = -2VN 
160 
250 
MHz 
Va = 5.0Vp-p, Gain. 
+2VN 
150 
200 
MHz 


SMALL 
SIGNAL BANDWIDTH 
VD = 0.2Vp-p, Gain = +2VN 
150 
170 
MHz 


GROUP DELAY TIME 
1.4 
1.4 
ns 


DIFFERENTIAL 
GAIN 
f = 4.43MHz, RLaAD= 150n 
en 
a:: 
Va = 0.7V, Gain = +1VN 
0.12 
0.12 
% 
W 
Vo '"+1.4V, Gain"" +2VN 
0.15 
0.15 
% 
u: 
DIFFERENTIAL 
PHASE 
f = 4.43MHz, 
RLDAD• 150n 
Va = 0.7V, Gain = +1VN 
0.06 
0.06 
Degrees 
::::i 
Va = +1.4V, Gain = +2VN 
0.08 
0.08 
Degrees 
0. 


HARMONIC 
DISTORTION 
Gain = +2VN 
::a: 
Second 
Harmonic 
2f 
f = 10MHz, Va = 2.8Vp-p 
-57 
-57 
dBc 
<C 
Third Harmonic 
31 
-55 
-55 
dBc 
...J 
Second 
Harmonic 
2f 
f = 30MHz, Va = 2.8Vp-p 
--38 
--38 
dBc 
<C 
Third Harmonic 
3f 
--43 
-43 
dBc 


Second 
Harmonic 
2f 
f = 50MHz, Va = 2.8Vp-p 
--33 
--33 
dBc 
Z 


Third Harmonic 
31 
--30 
--30 
dBc 
0 


GAIN FLATNESS 
PEAKING 
Gain:: 
+2VN 
~ 
Va = 2.8Vp-p, DC tD 30MHz 
0.12 
0.12 
dB 
Va = 2.8Vp-p, DC tD 100MHz 
0.3 
0.3 
dB 
a:: 


TIME DOMAIN 
W 
Rise Time 
Gain = +2VN, 
10% to 90% 
2.4 
2.7 
ns 
0. 


Va = 5Vp-p, CL = 2pF 
0 
Fall Time 
Gain", +2VN, 
10% to 90% 
3.5 
3.2 
ns 
Va = 5Vp-p, CL = 2pF 


SLEW RATE 
Gain = +2VN, 
Rise Time = 2ns 
Va = 6.2Vp-p 
Positive 
1500 
1700 
V/~s 


Negative 
1300 
1600 
V~s 


SETTLING 
TIME 
Gain = +2VN, 
Rise Time = 2ns 


Va' 
2Vp-p, 0.1% 
17 
17 
ns 
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Top View 
OPA622 
SOIDIP 


NC 


~ 


14 
NC 


4 
OTA 


10Adjust 
13 
BUF+ 


11 


-In 
10 
OB 
9 
12 
+Vcc 


3-[3>-8 


11 
+VCCOUT 


-Vcc 
10 
OTA 


-Vccour 
S~12 
VOIJT 


BUF- 
2 


PAD 
FUNCTION 


1 
Quiescent 
Current 
Adjustment 
2 
Inverting Analog Input 
3 
Non-Inverting 
Analog Input 
4 
NC 
5 
NC 
6 
-SV Supply 
7 
-SV Supply, Output 
8 
Inverting Buffer Output 
9 
Analog Output 
10 
Analog OTA Output 
11 
+SV Supply, Output 
12 
+SV Supply 
13 
Non-Inverting 
Buffer Output 


Substrate 
Bias: Negative Supply 


NC: No Connection 


Wire Bonding: 
Gold wire bonding 
is recommended. 


MilS 
(0.001") 
MilliMETERS 


Die Size 
S7x69±S 
1.44 x 1.76 ±0.13 


Die Thickness 
14±1 
0.55 ±0.02S 
Min. Pad Size 
4x4 
0.10xO.10 


Backing: 
Titanium 
0.02+0.05,-0.0 
0.0005+0.0013, 
-0.0 
Gold 
0.30±0.OS 
0.0076 ±0.0013 


PIN NO. 
DESCRIPTION 
FUNCTION 


1 
NC 
No Connection 
2 
10Adjust 
Quiescent 
Current Adjustment; 
typical 3·8mA 
3 
-In 
Inverting Analog 
Input 
4 
+In 
Noninverting 
Analog 
Input 
5 
-Vcc 
Negative 
Supply Vohage; typical -SVDC 
6 
-VCCOUT 
Negative Supply Vohage Output Buffer; 
typical -SVDC 
8 
BUF- 
Analog Output Feedback 
Buffer 
9 
Vour 
Analog Output 
10 
OTA 
Analog Output OTA 
11 
+VCCOUT 
Positive Supply Vohage Output Buffer; typical 
+SVDC 
12 
+Vcc 
Positive Supply Voltage; typical +SVDC 
13 
BUF+ 
Analog Output/Input 
14 
NC 
No Connection 


A ELECTROSTATIC 
~DISCHARGE 
SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 


formance 
degradation 
to complete 
device 
failure. 
BUIT- 
Brown Corporation 
recommends 
that all integrated 
circuits 
be handled 
and stored using 
appropriate 
ESD protection 
methods. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document 
Number 11132 


Wide Bandwidth, 
Current-Feedback 
OPERATIONAL 
AMPLIFIER 


• 
BANDWIDTH: 
3S0MHz, 2.8Vp-p 


• 
HIGH OUTPUT 
CURRENT: 
±70mA 


• 
SLEW 
RATE: 
2100V/J.!S, SVp-p 


• 
DIFFERENTIAL 
GAINIPHASE: 
0.12%/0.OSo 


• 
LOW QUIESCENT 
CURRENT: 
±4mA 


• 
LOW INPUT BIAS CURRENT: 
1.2J.1A 


• 
RISE TIME: 
1.9ns, 
SVp-p 


• 
SETTLING 
TIME: 9ns, 0.1% 


The OPA623 is a current-feedback 
operational 
ampli- 
fier designed 
for precision 
wide-bandwidth 
systems 
including 
high-resolution 
video, RF and IF circuitry, 
and communications 
equipment. 


The new circuit design, together with the complemen- 
tary 
bipolar 
process, 
achieves 
performance 
pre- 


viously 
unattainable 
in monolithic 
integrated 
circuit 
technology. 


The current-feedback 
op amp is optimized 
for wide 
bandwidth, 
excellent 
pulse 
response, 
gain 
flatness, 


low distortion, 
and operation 
at a low quiescent 
cur- 
rent of ±4mA. 


It provides 
a 350MHz 
large-signal 
bandwidth 
at 
2.8Vp-p 
output voltage, 
as well as a 2100V/j.lS slew 
rate. 
The 
gain 
flatness 
of O.05dB over 
a 30MHz 
bandwidth 
makes it suitable for HDTV designs. An- 
other feature of the op amp is its high output current 
of ±70mA, 
enabling 
it to drive two back-terminated 
750 cables when using the amplifier as a line driver in 
video routers, distribution 
amplifiers, 
and analog and 
digital communications 
equipment. 


• 
BROADCAST/HDTV 
EQUIPMENT 


• 
HIGH-SPEED 
DIGITAL 
COMMUNICATIONS 


• 
PULSEIRF 
AMPLIFIERS 


• 
HIGH-SPEED 
ANALOG 
SIGNAL 
PROCESSING 


• 
LINE DRIVING 
(SOO, 7SO) 


• 
DISTRIBUTION 
AMP 


• 
CRT OUTPUT 
STAGE 
DRIVER 


• 
ACTIVE 
FILTER 


The OP A623 operates from a ±5V supply, is specified 
for the extended industrial 
temperature 
range (-4Q°e 
to +85°C), and is available in 8-pin plastic sOle 
and 
8-pin plastic DIP. 


BURR - BROW"Ne 
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Intematlonal 
Airport 
Industrial 
Par1t 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, 
AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 
Tel: (520)746-1111 
• 
Twx: 910.952-1111 
• 
Cable: BBRCORP 
• 
Telex: 06IHi491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Info: (800) 546132 


U\,;-:s •.•t:\';I~IGATION 


At Vcc = ±5VDC, 
10 = ±4mA, 
Rl = 100n, 
R'N = 210n, 
and TAM. = +25'C 
unless otherwise 
specified. 


OPA623AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET VOLTAGE 
Initial 
-8 
±25 
mV 
vs Temperature 
125 
~V/'C 
vs Supply (tracking) 
Vcc = ±4.5V to ±5.5V 
45 
50 
dB 
vs Supply (nan-tracking) 
Vcc = +4.5V to +5.5V 
47 
dB 


vs Supply (non-tracking) 
Vcc = --4.5V to -5.5V 
39 
dB 


+INPUT BIAS CURRENT 
Initial 
-1.2 
±4 
~A 


vs Temperature 
7 
nArC 


-lNPUT 
BIAS CURRENT 


Initial 
+4.5 
±20 
~A 
vs Temperature 
340 
nArC 


INPUT IMPEDANCE 
+Input 
2.74111 
Mn II pF 


INPUT NOISE 
f = 100kHz to 100MHz 


Voltage Noise Density 
10 
nVlVRZ 


Signal-Ie-Noise 
Ratio 
SIN = 0.7/(Vn • .J5MHz) 
89 
dB 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±3 
±3.2 
V 
Common-Mode 
Rejection 
43 
50 
dB 


RATED OUTPUT 
Voltage Output 
Rl = 100n 
±3 
±3.1 
V 
Output Current 
±70 
mA 


Closed-Loop 
Output Impedance 
Gain", 
+2 
0.12111.5 
nil 
pF 


POWER SUPPLY 
Rated Voltage 
±4.5 
±5.5 
VDC 


Derated Performance 
±4 
±6 
VDC 
Quiescent 
Current 
10= OmA 
±3.5 
±4 
±4.5 
mA 


Rejection 
Ratio 
45 
50 
dB 


ELECTRICAL 
(FULL TEMPERATURE 
RANGE, -40°C 
to +85°C) 


At Vcc = ±5VDC, 
10 = ±4mA, Rl = lOOn, and R'N = 2l0n 
unless otherwise 
specified. 


OPA623AP, 
AU 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET 
VOLTAGE 
±30 
mV 


BIAS CURRENT 
+Input 
-1.5 
±5 
~A 


BIAS CURRENT 
-Input 
27 
±50 
~ 


RATED OUTPUT 
Voltage Output 
Rl = loon 
±3 
±3.l 
V 


POWER SUPPLY 
Quiescent 
Current 
10= OmA 
±2 
±4 
±7 
mA 


The information 
provkted 
herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for the use of this information, and aU use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR·BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS 


AC-SPECIFICATION 


At v cc "" ±5VDC, 
10 :: ±4mA, RL = 1Don, R1N = 210n, and TAMB = +25°C unless otherwise 
specified. 


PARAMETER 


FREQUENCY 
DOMAIN 


Large Signal 
Closed-Loop 
Bandwidth 
(-3d B) 


SMALL 
SIGNAL 
BANDWIDTH 


GROUP DELAY 
TIME 


DIFFERENTIAL 
GAIN 


Vo = 2.8Vp-p, Gain = +1VN 
Vo = 2.8Vp-p, Gain = +2VN 
Vo = 2.8Vp-p, Gain = +5VN 
Vo = 2.8Vp-p, Gain = +10VN 
Vo = 2.8Vp-p, Gain = -1VN 
Vo = 2.8Vp-p, Gain = -2VN 
Vo = 5.0Vp-p, Gain = +2VN 


Vo = 0.2Vp-p, Gain = +2VN 


Pin 3 to Pin 6, Gain = +2VN 


G = +2VN, 
f = 4.43MHz, 
RL = 1500 
Vo = +l.4V 


G = +2VN, 
f = 4.43MHz, 
RL = 1500 
Vo = +l.4V 


Gain::: +2VN 


f = 10MHz, Vo = 2.0Vp-p 
HARMONIC 
DISTORTION 
Second Harmonic 
Third Harmonic 
Second Harmonic 
Third Harmonic 
Second Harmonic 
Third Harmonic 


GAIN FLATNESS 
PEAKING 
Gain = +2VN 
Vo = 2.0Vp-p, DC to 30MHz 
Vo = 2.0Vp-p, 
DC to 100MHz 


TIME DOMAIN 


Rise Time 
Gain = +2VN, 
10% to 90% 
Vo = 2.0Vp-p 
Vo = 5.0Vp-p 


Gain = +2VN, 
10% to 90% 
Vo 
= 2.0Vp-p 
Vo 
= 5.0Vp-p 


Gain = +2VN, 
Rise Time = 1ns 
Vo = 0.2Vp-p 
Vo 
= 5.0Vp-p 


Gain = +2VN, 
Rise Time;; 
2ns 


Vo;; 
2Vp-p• 
0.1% 


Power Supply Voltage 
±6V 
Input Voltage(1) 
•......•.•.••...•.•..•..•..•..•.•...•.•.•.•.•...............•..•..•..•. 
±Vcc±0.7V 
Operating Temperature 
-40°C 
to +85°C 
Storage Temperature 
-40°C 
to +125°C 
Junction Temperature.. 
+150°C 
Lead Temperature 
(soldering, 
1Os) 
+300°C 


NOTE: (1) Inputs are internally diode-clamped 
to ±V cc. 
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PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


OPA623AP 
Plastic DIP 
006 
OPA623AU 
Plastic SOIC 
182 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


OPA623AP 
8-Pin Plastic DIP 
-40'C 
to +85'C 
OPA623AU 
8-Pin SOIC 
-40'C 
to +85'C 


BURR - BROWN® 
IElElI 
OPA627 
OPA637 


Precision 
High-Speed 
Difet® OPERATIONAL 
AMPLIFIERS 


FEATURES 


• 
VERY LOW NOISE: 
4.SnV/v'Hi 
at 10kHz 


• 
FAST SETILING 
TIME: 
OPA627-SS0ns 
to 0.01% 
OPA637-4S0ns 
to 0.01% 


• 
LOW Vas: 100JlV max 


• 
LOW DRIFT: 
0.8JlV/oC max 


• 
LOW 
18: SpA max 


• 
OPA627: 
Unity-Gain 
Stable 


• 
OPA637: 
Stable 
in Gain ~ S 


The OPA627 and OPA637 Difetoperational 
amplifi- 
ers provide a new level of performance 
in a precision 


FETop 
amp. When compared to the popular OPAl 11 
op amp. the OP A627/637 
has lower noise, lower offset 
voltage, and much higher speed. It is useful in a broad 
range of precision 
and high speed analog circuitry. 


The OPA627/637 
is fabricated on a high-speed, dielec- 


trically-isolated 
complementary 
NPNIPNP 
process. It 
operates over a wide range of power supply voltage- 
±4.5V to ±18V. Laser-trimmed 
Difet input circuitry 
provides 
high accuracy 
and low-noise 
performance 
comparable 
with the best bipolar-input 
op amps. 


APPLICATIONS 


• 
PRECISION 
INSTRUMENTATION 


• 
FAST DATA 
ACQUISITION 


• 
DAC OUTPUT 
AMPLIFIER 


• 
OPTOELECTRONICS 


• 
SONAR, 
ULTRASOUND 


• 
HIGH-IMPEDANCE 
SENSOR 
AMPS 


• 
HIGH·PERFORMANCE 
AUDIO 
CIRCUITRY 


• 
ACTIVE 
FILTERS 


High frequency 
complementary 
transistors 
allow in- 
creased circuit bandwidth, 
attaining dynamic perform- 
ance not possible 
with previous 
precision 
FET op 
amps. The OPA627 is unity-gain stable. The OPA637 
is stable in gains equal to or greater than five. 


Difet 
fabrication 
achieves 
extremely 
low input bias 
currents 
without 
compromising 
input voltage 
noise 


performance. 
Low input bias current 
is maintained 
over a wide input common-mode 
voltage range with 


unique cascode circuitry. 


The OPA627/637 
is available 
in plastic 
DIP, SOle 
and metal TO-99 
packages. 
Industrial 
and military 
temperature 
range models are available. 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


CD 
OPA627BM, 
BP, SM 
OPA627AM, 
AP, AU 
r::: 
OPA637BM. 
BP, SM 
OPA637AM, 
AP, AU 


UNITS 
C\I 
PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
CD 
OFFSET VOLTAGE 
(1) 
~ 
Input Offset Vo~age 
40 
100 
130 
250 
llV 
AP, BP, AU Grades 
100 
250 
260 
500 
llV 
0 
Average Drift 
0.4 
0.8 
1.2 
2 
llVI"C 
AP, BP, AU Grades 
0.8 
2 
2.5 
llVI"C 
Power Supply Rejection 
Vs = ±4.5 to ±18V 
106 
120 
100 
116 
dB 


INPUT BIAS CURRENT 
(2) 
Input Bias Current 
VOM = OV 
1 
5 
2 
10 
pA 
Over Specified Temperature 
VCM = OV 
1 
2 
nA 
SM Grade 
VCM = OV 
50 
nA 
t/) 
Over Common-Mode 
Vottage 
VCM = ±10V 
1 
2 
pA 
Input Offset Current 
VCM = OV 
0.5 
5 
1 
10 
pA 
a: 
Over Specified Temperature 
VCM = OV 
1 
2 
nA 
W 
SM Grade 
50 
nA 
u: 
NOISE 
I- 
::::l 
Input Voltage Noise 
nVNHz 
Q. 
Noise Density: f = 10Hz 
15 
40 
20 
f= 
100Hz 
8 
20 
10 
nVNHz 
:E 
f = 1kHz 
5.2 
8 
5.6 
nVrIHZ 
<C 
f= 
10kHz 
4.5 
6 
4.8 
nVrIHZ 
Voltage Noise, BW = 0.1Hz to 10Hz 
0.6 
1.6 
O.B 
llVp-P 
..J 


Input Bias Current Noise 
fAN'Hz 
<C 
Noise Density, f = 100Hz 
1.6 
2.5 
2.5 
Z 
Current Noise, BW = 0.1 Hz to 10Hz 
30 
60 
48 
fAp-p 
0 
INPUT IMPEDANCE 
!ct 
Differential 
10'3118 
Q II pF 
Common· Mode 
10'3117 
Q II pF 


INPUT VOLTAGE 
RANGE 
a: 


Common-Mode 
Input Range 
±11 
±1'.5 
V 
W 
Over Specified Temperature 
±10.5 
±11 
V 
Q. 


Common-Mode 
Rejection 
VCM = ±10.5V 
106 
116 
100 
110 
dB 
0 
OPEN-LOOP 
GAIN 
Open-Loop 
Voltage Gain 
Vo = ±10V, F\ = lkQ 
112 
120 
106 
116 
dB 
Over Specified Temperature 
Va = ±10V, F\ = lkQ 
106 
117 
100 
110 
dB 
SM Grade 
Va = ±10V, 
R, = lkQ 
100 
114 
dB 


FREQUENCY 
RESPONSE 
Slew Rate: OPA627 
G = -1, 
10V Step 
40 
55 
VI••• 
OPA637 
G = -4, 
10V Step 
100 
135 
VI••• 
Settling Time: OPA627 0.01 % 
G = -1, 
10V Step 
550 
ns 
0.1% 
G = -1, 
10V Step 
450 
ns 


OPA637 0.01 % 
G = -4, 
10V Step 
450 
ns 
0.1% 
G = -4, 
10V Step 
300 
ns 
Gain-Bandwidth 
Product: OPA627 
G = 1 
16 
MHz 
OPA637 
G = 10 
BO 
MHz 
Total Harmonic Distortion + Noise 
G=+1,f=lkHz 
0.00003 
% 


POWER SUPPLY 
Specified Operating Voltage 
±15 
V 
Operating 
Voltage Range 
±4.5 
±18 
V 
Current 
±7 
±7.5 
mA 


OUTPUT 
Voltage Output 
R,=1kQ 
±1'.5 
±12.3 
Over Specified Temperature 
±11 
±1'.5 
V 
Current Output 
Va = ±10V 
±45 
mA 
Short-Circuit 
Current 
±35 
+70/-55 
±100 
mA 
Output Impedance, 
Open-Loop 
1MHz 
55 
Q 


TEMPERATURE 
RANGE 
Specification: 
AP, BP, AM, BM, AU 
-25 
+85 
·C 
SM 
-55 
+125 
·C 
Storage: AM, BM, SM 
-60 
+150 
·C 
AP, BP, AU 
-40 
+125 
·C 
8••.•: AM, BM, SM 
200 
·CIW 
AP, BP 
100 
·CIW 
AU 
160 
·CIW 


•. Specifications 
same as -8- grade. 


NOTES: (1) Offset voltagl5l moo:!lurod tully warmod-up. 
(2) High-speed 
test at TJ - 
+2SOC. See Typical Performance 
Curves lor warmed-up 
pertormance. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in Hfesupport devices and/or systems. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Offset Trim 
S 
Offset Trim 


2 
-In 
6 
Output 


3 
+In 
7 
+Vs 


4 
-Vs 
8 
Substrate 
NC 
No Connection 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


OPA627AP 
Plastic DIP 
-2S"C 
to +8S"C 


OPA627BP 
Plastic DIP 
-25°C 
to +85°C 
OPA627AU 
SOIC 
-2S"C 
to +8S"C 
OPA627AM 
TO-99 Metal 
-2S"C 
to +8S"C 
OPA627BM 
TO-99 Metal 
-25°C 
to +85°C 
OPA627SM 
TO-99 Metal 
-SS"C 
to +12S"C 


OPA637AP 
Plastic DIP 
-2S"C 
to +8S"C 
OPA637BP 
Plastic DIP 
-2S"C 
to +8S"C 
OPA637AU 
SOIC 
-2S"C 
to +8S"C 
OPA637AM 
TO-99 Metal 
-2S"C 
to +8S"C 
OPA637BM 
TO-99 Metal 
-2S"C 
to +8S"C 
OPA637SM 
TO-99 Metal 
-5S"C 
to +12S"C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER") 


OPA627AP 
Plastic DIP 
006 
OPA627BP 
Plastic DIP 
006 
OPA627AU 
SOIC 
182 
OPA627AM 
TO-99 Metal 
001 
OPA627BM 
TO-99 Metal 
001 
OPA627SM 
TO-99 Metal 
001 


OPA637AP 
Plastic DIP 
006 
OPA637BP 
Plastic DIP 
006 


OPA637AU 
SOIC 
182 
OPA637AM 
TO-99 Metal 
001 


OPA637BM 
T0-99 
Metal 
001 


OPA637SM 
TO-99 Metal 
001 


MILS (0.001") 
MILLIMETERS 


Die Size 
117x80±S 
2.97 x 2.03 ±0.13 


Ole Thickness 
20 ±3 
0.S1 ±0.08 


Min. Pad Size 
4x4 
0.10 x 0.10 


Transistor 
Count 
46 
Backing: 
None 


Supply Voltage. 
. 
±18V 


Input Voltage Range 
+Vs + 2V to -Vs 
- 2V 


Differential 
Input Range 
Total Vs + 4V 
Power 
Dissipation 
..... 1000mW 


Operating 
Temperature 
M Package 
. 
-SS"C to +12S"C 


P, U Package 
-40"C 
to +12S"C 


Storage 
Temperature 
M Package.. 
.. 
. 
-65°C 
to +150°C 


P, U Package 
-40"C 
to +12S"C 


Junction Temperature 
M Package 
+17S"C 
P, U Package.. 
.+1S0"C 
Lead Temperature 
(soldering, 
10s) 
. 
+300°C 
SOIC (soldering, 
3s) 
+260"C 
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Noise Bandwidth: 


pop 


0.1Hz to indicated 
frequency . 
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II I 
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For Immediate Assistance, Contact YourLocal Salesperson 
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The OPA627 is unity-gain stable. The OPA637 may be used 
to achieve higher speed and bandwidth in circuits with noise 
gain greater than five. Noise gain refers to the closed-loop 
gain of a circuit as if the non-inverting 
op amp input were 
being driven. For example, 
the OPA637 may be used in a 


non-inverting 
amplifier 
with gain greater than five, or an 
inverting amplifier 
of gain greater than four. 


When 
choosing 
between 
the OPA627 
or OPA637, 
it is 


important to consider the high frequency noise gain of your 
circuit 
configuration. 
Circuits 
with a feedback 
capacitor 


(Figure 
I) place the op amp in unity noise-gain 
at high 
frequency. 
These 
applications 
must use the OPA627 
for 
proper 
stability. 
An exception 
is the circuit 
in Figure 
2, 
where a small feedback capacitance 
is used to compensate 


for the input capacitance 
at the op amp's inverting input. In 
tIllS case, the closed-loop 
noise 
gain remains 
constant 
with 
frequency, 
so if the closed-loop 
gain is equal to five or 


greater, the OPA637 may be used. 
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FIGURE 
I. Circuits with Noise Gain Less than Five Require 
the OPA627 for Proper Stability. 


-- 


OFFSET 
VOLTAGE 
ADJUSTMENT 
The OPA627/637 
is laser-trimmed 
for low offset voltage 


and drift, so many circuits will not require external adjust- 
ment. Figure 3 shows the optional connection of an external 
potentiometer 
to adjust offset voltage. This adjustment should 
not be used to compensate 
for offsets created elsewhere in a 
system (such as in later amplification 
stages or in an AID 
converter) 
because this could introduce excessive 
tempera- 
ture drift. Generally, the offset drift will change by approxi- 
mately 4j.lVI"C for ImV of change in the offset voltage due 
to an offset adjustment 
(as shown on Figure 3). 


R, 
c1 
= GIN + eSTRAY 


C2=~ 
-=- 
R2 


FIGURE 2. Circuits with Noise Gain Equal to or Greater than 
Five May Use the OPA637. 


NOISE PERFORMANCE 
Some bipolar 
op amps may provide 
lower voltage 
noise 
performance, 
but both voltage noise and bias current noise 


contribute 
to the total noise of a system. The OPA627/637 
is unique in providing 
very low voltage noise and very low 
current 
noise. This provides 
optimum 
noise 
performance 
over a wide range 
of sources, 
including 
reactive 
source 
impedances. 
This can be seen in the performance 
curve 


showing 
the noise of a source resistor combined 
with the 


Board 
Layout 
for Input Guarding: 
Guard top and bottom of board. 
Altemat&-use 
Teflo"" 
standoff for sen- 
sitive input pins. 


Tello"" 
E.!. du Pont de Nemours 
& Co. 


NOTE: (1) Case connected to pin 8 on 
TO-99 package only-see 
text. 


noise of an OP A627. AJ>ove a 2ill 
source resistance, 
the op 
amp contributes 
little additional noise. Below lill, 
op amp 
noise 
dominates 
over 
the 
resistor 
noise, 
but 
compares 


favorably 
with precision bipolar op amps. 


CIRCUIT 
LAYOUT 
As with any high speed, wide bandwidth 
circuit, 
careful 
layout 
will ensure 
best performance. 
Make 
short, 
direct 
interconnections 
and avoid stray wiring capacitance-espe- 
cially at the input pins and feedback circuitry. 


The case connection 
(pin 8 of TO-99 metal package 
only) 


should be connected 
to an AC ground for lowest possible 
pickup of external fields. While DC ground would be the 
most likely choice, pin 8 could also be connected 
to either 
power supply. (The case is not internally connected 
to the 
negative power supply as it is with most common op amps.) 
For lowest possible input bias current, the case may be driven 
as a guard-see 
Input Bias Current 
section. Pin 8 of the 


plastic DIP and SOIC versions has no internal connection. 


Power 
supply connections 
should be bypassed 
with good 
high frequency 
capacitors 
positioned 
close to the op amp 


10kfl to 1Mn 
Potentiometer 
(100kfl 
preferred) 


.6 
.7 
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pins. In most cases O.lllP ceramic capacitors 
are adequate. 


The 
OPA627/637 
is capable 
of high 
output 
current 
(in 
excess of 4SmA). Applications 
with low impedance loads or 
capacitive 
loads with fast transient 
signals 
demand 
large 
currents from the power supplies. Larger bypass capacitors 
such as IllP solid tantalum capacitors may improve dynamic 
performance 
in these applications. 


INPUT 
BIAS CURRENT 


Difet 
fabrication 
of the OPA627/637 
provides 
very low 
input bias current. Since the gate current of a FET doubles 
approximately 
every 
lOoC, to achieve 
lowest 
input 
bias 
current, the die temperature 
should be kept as low as pos- 
sible. The high speed and therefore higher quiescent current 
of the OPA627/637 
can lead to higher chip temperature. 
A 
simple press-on 
heat sink such as the Burr-Brown 
model 
807HS (TO-99 metal package) can reduce chip temperature 
by approximately 
15°C, lowering 
the IB to one-third 
its 
warmed-up value. The 807HS heat sink can also reduce low- 
frequency 
voltage noise caused by air currents and thermo- 
electric effects. See the data sheet on the 807HS for details. 


Temperature 
rise in the plastic DIP and SOIC packages can 
be minimized 
by soldering 
the device to the circuit board. 
Wide copper traces will also help dissipate heat. 


The OPA627/637 
may also be operated 
at reduced power 
supply voltage to minimize power dissipation 
and tempera- 
ture rise. Using ±5V power supplies reduces power dissipa- 
tion to one-third of that at ±ISV. This reduces the IB of TO- 
99 metal package 
devices to approximately 
one-fourth 
the 
value at ±ISV. 


Leakage 
currents 
between 
printed circuit board traces can 
easily exceed the input bias current of the OPA627/637. 
A 
circuit 
board 
"guard" 
pattern 
(Figure 
4) reduces 
leakage 
effects. By surrounding 
critical high impedance 
input cir- 
cuitry with a low impedance 
circuit connection 
at the same 
potential, 
leakage current will flow harmlessly 
to the low- 
impedance 
node. The case connection 
(TO-99 metal pack- 


Vo 


Clamps output 
atVo=±11.5V 


age only) may also be driven at guard potential to minimize 
any leakage which might occur from the input pins to the 
case. The case is not internally 
connected 
to -Vs' 


Input bias current may also be degraded by improper 
han- 
dling or cleaning. 
Contamination 
from handling 
parts and 
circuit boards may be removed 
with cleaning 
solvents 
and 
deionized 
water. Each rinsing operation should be followed 
by a 30-minute 
bake at 85°C. 


Many FET-input 
op amps exhibit 
large changes 
in input 
bias current 
with changes 
in input 
voltage. 
Input 
stage 
cascode 
circuitry 
makes 
the 
input 
bias 
current 
of the 
OPA627/637 
virtually 
constant 
with wide common-modem 
voltage 
changes. 
This 
is ideal 
for accurate 
high 
input- 
impedance 
buffer applications. 


For Approximate 
Butterworth 
Response: 


2 Ro CL 
R 
F » 
Ro 
CF=~ 


PHASE-REVERSAL 
PROTECTION 
The 
OPA627/637 
has internal 
phase-reversal 
protection. 
Many FET-input 
op amps exhibit a phase reversal when the 
input is driven beyond its linear common-mode 
range. This 
is most often encountered 
in non-inverting 
circuits when the 
input is driven below -12V, 
causing the output to reverse 
into the positive rail. The input circuitry of the OP A627/637 
does not induce 
phase 
reversal 
with excessive 
common- 
mode voltage, so the output limits into the appropriate 
rail. 


OUTPUT 
OVERLOAD 
When 
the inputs 
to the OPA627/637 
are overdriven, 
the 
output voltage of the OPA627/637 
smoothly 
limits at ap- 
proximately 
2.SV from the positive 
and negative 
power 
supplies. 
If driven 
to the negative 
swing 
limit, recovery 
takes approximately 
SOOns. When the output is driven into 
the positive 
imit, recovery takes approximately 
6J..lS.Output 
recovery of the OPA627 can be improved 
using the output 
clamp circuit 
shown in Figure 
5. Diodes 
at the inverting 
input prevent degradation 
of input bias current. 
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As with any high-speed 
op amp, best dynamIc pertormance 
can be achieved by minimizing 
the capacitive 
load. Since a 
load capacitance 
presents a decreasing 
impedance 
at higher 
frequency, 
a load capacitance 
which is easily driven by a 
slow op amp can cause a high-speed 
op amp to perform 
poorly. 
See the typical curves showing 
settling times as a 
function 
of capacitive 
load. The lower bandwidth 
of the 
OPA627 makes it the better choice for driving large capaci- 
tive loads. Figure 6 shows a circuit for driving very large 
load capacitance. 
This circuit's 
two-pole response can also 
be used to sharply 
limit system bandwidth. 
This is often 
useful in reducing the noise of systems which do not require 
the full bandwidth 
of the OPA627. 


INPUT PROTECTION 


The inputs of the OPA627/637 
are protected 
for voltages 
between +Vs + 2V and -Vs - 2V. If the input voltage can 
exceed these limits, the amplifier 
should be protected. 
The 
diode clamps 
shown 
in Figure 
7a will prevent 
the input 
voltage 
from exceeding 
one forward 
diode voltage 
drop 
beyond the power supplies-well 
within the safe limits. If 
the input source can deliver current in excess of the maxi- 
mum forward current of the protection 
diodes, use a series 
resistor, 
Rs' to limit 
the current. 
Be aware 
that adding 
resistance 
to the input will increase 
noise. The 4nVI'JRZ 
theoretical 
thermal noise of a Ikn 
resistor will add to the 
4.5nV/--JHz noise of the OPA627/637 
(by the square-root 
of 
the sum of the squares), producing a total noise of 6nVI-YHZ. 
Resistors 
below lOOn add negligible 
noise. 


Leakage 
current 
in the protection 
diodes can increase 
the 
total input bias current 
of the circuit. The specified 
maxi- 
mum leakage current for commonly used diodes such as the 
IN4148 
is approximately 
25nA-more 
than 
a thousand 
times larger than the input bias current of the OPA627/637. 
Leakage current of these diodes is typically much lower and 
may be adequate in many applications. 
Light falling on the 


When 
used as a unity-gain 
buffer, large common-mode 
input voltage 
steps 
produce transient variations in input-stage currents. This causes the rising 
edge to be slower and falling edges to be faster than nominal slew rates 
ObS61Ved 
in higher-gain 
circuits. 


,; 
D 


Optional Rs 


OPA627 


D: IN4148 - 
25nA Leakage 
2N4117A -lpA 
Leakage 


Siliconix 
..--.r- 
= -hJ- 


junction 
of the protection 
diodes can dramatically 
increase 
leakage current, so common 
glass-packaged 
diodes should 
be shielded 
from ambient 
light. Very low leakage 
can be 
achieved 
by using a diode-connected 
PET as shown. The 
2N4117 A is specified at IpA and its metal case shields the 
junction 
from light. 


Sometimes 
input protection is required on IIV converters 
of 
inverting amplifiers 
(Figure 7b). Although in normal opera- 
tion, the voltage at the summing junction 
will be near zero 
(equal to the offset voltage 
of the amplifier), 
large input 
transients 
may cause this node to exceed 
2V beyond 
the 
power supplies. In this case, the summing junction 
should be 
protected with diode clamps connected to ground. Even with 
the low voltage present at the summing junction, 
common 
signal diodes may have excessive leakage current. Since the 
reverse 
voltage 
on these diodes 
is clamped, 
a diode-con- 
nected signal transistor 
can be used as an inexpensive 
low 
leakage diode (Figure 7b). 
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When driven with a very fast input step (left), common-mode 
transients 
cause 
a slight variation 
in input stage currents 
which 
will reduce 
output slew rate. If the input step slew rate is reduced 


(right), output slew rate will increase slightly. 
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NOTE: (1) Optimum value will 
depend 
on circuit board 
lay- 


out and stray capacitance 
at 
the inverting input. 
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OPA627 


2kil 
6pF 
±0.5mV 


OPA637 
soon 
4pF 


±0.2mV 


R1• R; 
C, 
Error Band 
(0.01%) 


NOTE: CF is selected for best settling time performance 
depending 
on test fixture layout. Once optimum 
value is 
determined, 
a fixed capacitor 
may be used. 


-15V 


FIGURE 
II. Settling Time and Slew Rate Test Circuit. 
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This composite 
amplifier uses the OPA603 current-feedback 
op amp to 
provide extended bandwidth and slew rate at high closed-loop gain. The 
feedback 
loop is closed 
around 
the composite 
amp, 
preserving 
the 
precision input characteristics 
of the OPA627/637. 
Use separate power 
supply bypass capacitors 
for each op amp. 


*Minimize capacitance 
at this node. 
Vo 


Rl ~ 150n 
for ±10VOut 


GAIN 
A, 
R, 
R2 
R, 
R. 
-3dB 
SLEW 
RATE 
(VN) 
OP AMP 
(n) 
(kil) 
(n) 
(kil) 
(MHz) 
(V/).ls) 


100 
OPA627 
50.5\" 
4.99 
20 
15 
700 


1000 
OPA637 
49.9 
4.99 
12 
11 
500 


NOTE: (1) Closest 
1/2% value. 
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Low Distortion 
Wideband 
OPERATIONAL 
AMPLIFIER 


• 
EXCELLENT 
DIFFERENTIAL 
GAIN: 
0.015% 


• 
EXCELLENT 
DIFFERENTIAL 
PHASE: 
0.015° 


• 
LOW DISTORTION: 
90dB 
SFDR 


• 
TWO-TONE 
THIRD-ORDER 
INTERCEPT: 
60dBm 


• 
LOW NOISE: 
2.5nVlv'Hi 


• 
LOW NOISE FIGURE: 
9dB 


• 
BANDWIDTH 
(Gain = +1): 160MHz 


• 
0.1dB 
GAIN FLATNESS: 
30M Hz 


• 
LOW OFFSET 
VOLTAGE: 
500/-lV 


The OP A628 is a low distortion, wideband operational 
amplifier. 
It features 
low differential 
gain 
error 
of 
0.015% 
and low differential 
phase error of 0.015° at 
NTSe 
and PAL frequencies 
with a 150n load (a back- 
terminated 
75n 
cable). 
The O.ldB 
gain flatness 
to 
30MHz, and the excellent 
differential 
gain and phase 
make the OP A628 ideal for broadcast 
quality 
video 
applications. 
In addition, 
the spurious 
free dynamic 
range of 90dB makes the OPA628 an excellent choice 
to buffer the input of precision Analog-to-Digital 
con- 
verters. It can also be used to provide a buffer for the 
output of precision high speed Digital-to-Analog 
con- 
verters. 
The 
two-tone 
third-order 
intercept 
of the 
OPA628 is 60dBm. 


The OP A628 is a unity gain stable, voltage feedback 
operational 
amplifier. 
It has all of the benefits 
asso- 
ciated 
with 
voltage 
feedback 
amplifiers 
including 
high input impedance, 
high common 
mode rejection, 
and 
symmetrical 
differential 
input 
flexibility. 
The 
unity gain bandwidth 
of the OPA628 is 160MHz. The 
low noise of 2.5n VI-./HZ and low noise figure of 9dB 
(Rs = 50n) 
make the OPA628 
very useful in preci- 
sion applications 
requiring 
wide dynamic 
range. 


The superior distortion performance 
of the OP A628 is 
achieved by its multistage 
architecture 
which provides 
high open-loop 
gain. The distortion 
performance 
is 


• 
BROADCAST 
QUALITY 
VIDEO 


• 
MEDICAL 
IMAGING 


• 
LOW NOISE PREAMPLIFIER 


• 
PRECISION 
ADC/DAC 
BUFFER 


• 
TELECOMMUNICATIONS 


• 
ANALYTICAL 
INSTRUMENTS 


• 
ACTIVE 
FILTERS 


• 
DC RESTORATION 
CIRCUITS 


additionally 
enhanced 
by separating 
the power 
sup- 
plies to the input 
and output 
stages 
requiring 
four 
power 
supply 
connections 
as shown 
in the 
block 
diagram below. This separation of supplies eliminates 
the effects of package and wire bond parasitic capaci- 
tance and inductance. 
The OPA628 is powered 
with 
±5VDe 
supplies 
for 
low 
power 
dissipation. 
The 
OPA628 
is available 
in 8-pin plastic DIP and sOle 
packages. 
The temperature 
range is -400e 
to +85°C. 


Non·lnverting 
Input 
3 


-Vee• 
Input 
Stage 
-Vee• 
Output 
Stage 


Intematlonal 
Airport Industrial Pari< 
• 
Mailing Address: PO Box 11400 
• 
Tucson, AZ 85734 
Street Addr •• s: 6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 
Tel: (520)74&-1111 
• 
TW>::910.952·1111 
• 
Cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate Product Info: (800) 548-6132 
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OPA628AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT NOISE 
Voltage: Rs = 00 
fo= 
100Hz 
8.3 
nV/v'RZ 


fa = 1kHz 
3.5 
nv/-lj:jz 


fa = 10kHz 
2.6 
nV/v'RZ 


fa = 100kHz 
2.5 
nViv'RZ 


fa = 1MHz to 100MHz 
2.5 
nV/v'RZ 


fa = 100Hz fa 10MHz 
8.1 
).lVrms 


Current 
fa = 100kHz to 100MHz 
2.2 
pAlv'RZ 


Noise Figure 
Rs = 500, fa = 1MHz to 100MHz 
9.3 
dB 


OFFSET VOLTAGE 
Input Offset Voltage 
VeM = OVDC 
±a.5 
±1 
mV 


Average 
Drift 
TA::: 
TM1N to TMAX 
±6 
I'V/oC 
Supply Rejection (PSRR) 
±Vee = ±4.5V to ±5.5V 
90 
105 
dB 


Over Specification 
Temperature 
±Vcc::: ±4.5V to ±5.5V, TA = TM1N to TMAX 
100 
dB 


INPUT BIAS CURRENT 
Input Bias Current 
VeM = OVDC 
15 
30 
I'A 
Over Specification 
Temperature 
VCM::: 
OVDC, TA = TM1N to TMAX 
22 
!!A 


Input Offset Current 
VeM = OVDC 
±a.3 
±2 
!!A 


Over Specification 
Temperature 
TA 
"" TM1N to rMAX 
±a.8 
!!A 


INPUT IMPEDANCE 
Differential 
Open-Loop 
30112 
kO II pF 
Common-Mode 
10116 
MO II pF 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±2.5 
V 
Common-Mode 
Rejection (CMRR) 
VeM= ±2.5V 
90 
110 
dB 
Over Specification 
Temperature 
VCM = ±2.5V, TA = TMIN to TMAX 
105 
dB 


OPEN-LOOP 
GAIN, DC 
Open-Loop 
Voltage Gain 
90 
100 
dB 
Over Specification 
Temperature 
TA::: 
TM1N to TMAX 
96 
dB 


FREQUENCY 
RESPONSE 
Closed-Loop 
Bandwidth 
Gain::: +1VN 
160 
MHz 
(-3d B) 
Gain::: 
+2VN 
77 
MHz 
Gain = +SVN 
24 
MHz 
Bandwidth 
0.1dB Flat 
Gain = +2VN 
30 
MHz 
Differential 
Gain 
3.58MHz, 
Gain = +2, Va = lAV 
Ramp 
0.015 
% 
Differential 
Phase 
3.58MHz, 
Gain = +2, Va = lAV 
Ramp 
0.015 
degrees 
Harmonic 
Distortion 
Rl = 1000, G = +lVIV, 
f = 5MHz, Va = 2Vp-p 
I 


Second Harmonic 
I 


-91 
dBe 
Third Harmonic 
-98 
dBe 
Rl = 5000, 
G = +2VIV, f = 5MHz, Va = 2Vp-p 


': 


I 


Second Harmonic 
I 


-90 
dBe 
Third Harmonic 
-97 
dBe 
RL = 5000, 
G = +2VIV, f = 10MHz, Va = 2Vp-p 
Second Harmonic 
-83 
dBe 
Third Harmonic 
-87 
dBe 
3rd-Order 
Intercept 
fe = 5MHz, G = +2 
70 
dBm 
3rd-Order 
Intercept 
fe = 10MHz, G = +2 
60 
dBm 
Two-tone 
3rd-Order 
Intercept 
fe = 5MHz, G = +2 
60 
dBm 
Full Power Response(1) 
Va = 5Vp-p, Gain = +1VIV 
20 
MHz 
Va = 2Vp-p, Gain = +1V1V 
49 
MHz 
Slew Rate 
2V Step, Gain = -1V1V 
310 
VII's 
Overshoot 
2V Step, Gain = -1V1V 
2 
% 
Settling Time: 0.10% 
2V Step, Gain = -1V1V 
20 
ns 
0.01% 
64 
ns 
Overload 
Recovery Time(2) 
60 
ns 
Phase Margin 
Gain = +1VN 
60 
degrees 
Rise Time 
Gain = +1VN, 
10% to 90% 
Small Signal 
Vo= 
100mVp-p 
3 
ns 
Large Signal 
Va = 6Vp-p 
15 
ns 


RATED OUTPUT 
Voltage Output 
fa = lMHz, 
Rl = lOOn 
±3 
V 
Over Specification 
Temperature 
fo = 1MHz, RL = 1000, 
TA = TM1N to TMAX 
±3 
V 


fo'" 
1MHz. 
RL 
", 500 
±3 
V 
Output Resistance 
1MHz, Gain::: +1VN 
0.0005 
0 
Load Capacitance 
Stability 
Gain = +lVIV, 
Va = 2Vp-p 
20 
pF 
Short Circuit Current 
Continuous, 
Source 
+180 
mA 
Short Circuit Current 
Continuous, 
Sink 
-130 
mA 
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AU 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
Rated Voltage 
±Vcc 
±5 
VDC 


Derated 
Performance 
±Vcc 
±4.5 
±6 
VDC 


Current, 
Quiescent 
10= OmADC 
29 
32 
mA 


Current, 
Quiescent 
10 = OmADC, 
TA:: 
T MIN to TMAX 
31 
35 
mA 


TEMPERATURE 
RANGE 


Specification: 
AP, AU 
TMIN and TMAX 
-40 
+85 
°C 


Storage: 
AP,AU 
Ambient 
Temperature 
-55 
+125 
°C 


9JA 
AP 
90 
°CIW 
AU 
100 
°CIW 


MODEL 


OPA628AP 
OPA628AU 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


OPA628AP 
8-Pin Plasfic DIP 
006 
OPA628AU 
8-Pin SOIC 
182 


Supply. 
. 
±7VDC 


Internal 
Power 
Dissipation(1) 
See Applications 
Information 


Differential 
Input Voltage.. 
. 
SV 
Input Voltage 
Range 
See Applications 
Information 
Storage Temperature Range: AP, AU 
-55°C 
to +125°C 


Lead Temperature 
(soldering, 
DIP 105). 
+300°C 
(soldering, 
SOIC 35) . 
. 
+260°C 
Output 
Short Circuit to Ground 
(+25°C) 
Continuous 
to Ground 


Junction 
Temperature 
(TJ) 
+175°C 


NOTE: 
(1) Packages 
must be derated 
based 
on specified 
8JA· Maximum 
TJ 


must be observed. 


+Vcc, Input Stage 


+Vcc- Output Stage 


Output 


5 
-Vcc, 
Oulput Stage 


A ELECTROSTATIC 
~DISCHARGE 
SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
may cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 
fications. 


Tne Information proVIded nereln Is believed 
10 be reliable; however, 
BURR-BROWN 
aSsumQS no responsibility for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR·BROWN 
product for use in life support devices 
and/or systems. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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TYPICAL PERFORMANCE CURVES (CONT) 
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TYPICAL PERFORMANCE CURVES (CONT) 
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DISCUSSION OF 
PERFORMANCE 


The OPA628' s classical 
operational 
amplifier 
architecture 
employs 
true differential 
and fully symmetrical 
inputs al- 
lowing 
optimal 
performance 
in either 
inverting 
or non- 
inverting circuit applications. 
All traditional circuit configu- 
rations and op amp theory apply to the OPA628. The use of 
low drift thin film resistors 
allows internal 
operating 
cur- 
rents to be laser trimmed 
at wafer level to optimize 
AC 
performance 
such as distortion, bandwidth and settling time, 
as well as DC parameters 
such as input offset voltage. The 
result is a wideband, high frequency 
monolithic 
operational 
amplifier 
with a gain-bandwidth 
product 
of 
ISOMHz, 
a 
spurious 
free dynamic 
range (SFDR) 
of 90dB, and input 
offset voltage of SOOl-tV. 


The layout considerations 
described in the "Printed Circuit 
Board Guidelines" 
section must be followed to achieve the 
best possible performance 
of the OPA628. 


DIFFERENTIAL 
GAIN AND PHASE 
Differential 
Gain 
(DG) 
and Differential 
Phase 
(DP) are 
among the more important 
specifications 
for video applica- 
tions. DG is defined 
as the percent change in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop 
phase 
over the same output voltage change. Both DG and DP are 
specified 
at the NTSC 
sub-carrier 
frequency 
of 3.S8MHz 
and the PAL subcarrier 
of 4.43MHz. 
All NTSC measure- 


ments were performed 
using a Tektronix 
model VM700A 
Video Measurement 
Set. All PAL measurements 
were per- 


formed using a Rohde & Schwarz Video Analyzer UAF. 


DG and DP of the OPA628 were measured with the ampli- 
fier in a gain of +2VN 
with 75Q input impedance 
and the 
output back-terminated 
in 7SQ. The input signal selected 
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from the generator was a OV to I.4V modulated 
ramp with 
sync pulse. With these conditions 
the test circuit shown in 
Figure 
I delivered 
a 100IRE modulated 
ramp to the 7Sn 
input of the video analyzer. The signal averaging 
feature of 
the analyzer was used to establish a reference against which 
the performance 
of the amplifier 
was 
measured. 
Signal 
averaging 
was also used to measure the DG and DP of the 
test signal in order to eliminate the generator's 
contribution 
to measured amplifier performance. 
Typical performance 
of 
the OPA628 is O.OIS% differential 
gain and O.OISodifferen- 


tial phase to both NTSC and PAL standards. 
Increasing 
the 
closed-loop 
gain degrades 
the DP and DG. 


GAIN FLATNESS 
Small signal ±O.ldB 
gain flatness 
can be achieved 
up to 
30MHz in a non-inverting 
gain of +2VN 
through 
careful 
layout of the printed circuit board and frequency 
shaping of 
the feedback 
network. 
Frequency 
shaping is achieved 
em- 
pirically by placing a small capacitor in parallel with either 
the feedback resistor or the input resistor of the OP A628 to 
compensate 
for printed circuit parasitic 
capacitance. 
A ca- 
pacitor in the range of approximately 
IpF to 20pF is sug- 
gested. Printed circuit board layout design will determine 
if 
the capacitor 
should be placed across the feedback 
resistor 
or the input resistor. 


Small signal ±O.ldB 
gain flatness 
of greater than 30MHz 
can be achieved at a gain of +IVN. 
To eliminate the effects 
of package lead inductance, 
a small value resistor should be 
included in the feedback path. Maximizing 
gain flatness for 
a particular 
layout requires 
optimization 
of the feedback 


resistor; an approximate 
value is son 
to 7Sn_ 


DISTORTION 
The OPA628's 
Harmonic 
Distortion 
characteristics 
when 
driVing a 100Q load are shown vs frequency and vs voltage 
output in the Typical Performance 
Curves. Distortion can be 
further 
optimized 
by decreasing 
output 
loading 
as also 
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C=1~.10~F 


-SV 
U"C 
~ 
v ' 
+SV 


shown in Typical Performance 
Curves. Include the contribu- 
tion of the feedback 
resistance 
when calculating 
the effec- 


tive load resistance 
at the amplifier 
output. A high perfor- 


mance spectrum 
analyzer such as the HP3S8SB 
should be 
used to measure distortion. 


Two-tone, 
third-order 
intermodulation 
distortion 
(1M) is an 
important 
parameter 
for many RF amplifier 
applications. 
The specification 
table shows the OPA628's 
two-tone, third 
order 1M intercept at SMHz and 10MHz. For these measure- 
ments, tones were spaced 200kHz apart. This data is particu- 
larly useful for determining 
the magnitude of the third-order 
1M products. The magnitude 
of the third-order 
1M products 
can be easily calculated 
from the expression: 


Third 1M = 2(OPI3P - Po) 
where OPJ3P = third-order 
output intercept, 
dBm 
Po = output level/tone, 
dBmltone 
Third 1M = third-order 
intermodulation 
ratio 
below each output tone, dB 


As an example, with OPI3p = 60dBm, for Po = 10dBm, the 
third order 1M = 2(60 - 10) = lOOdB below either IOdBm 
tone. The OPA628's 
low 1M makes the device an excellent 
choice for a variety of RF signal processing 
applications. 
In 
order to obtain the full low distortion 
performance 
of the 
OPA628, 
it is imperative 
to follow 
the recommendations 
described in the "Printed Circuit Board Guidelines" 
section. 


OUTPUT 
DRIVE CAPABILITY 
The OPA628 has been optimized 
for low distortion perfor- 
mance with back terminated 
son 
and 7Sn loads (RLOAD= 
loon 
and ISOn, respectively). 
However, 
it is capable 
of 
driving 6Vpp into a son 
load with a sacrifice in distortion. 
This high-output 
drive capability 
makes 
the OP A628 an 
ideal choice for a wide range of RF, IF, and video applica- 
tions. All transmission 
lines should be terminated 
with the 
characteristic 
impedance 
of the transmission 
line. 


Internal 
current-limiting 
circuitry 
limits output 
current 
to 
about I30rnA at 2S°C. This prevents damage from acciden- 
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tal shorts to common 
and eliminates 
the need for external 
current-limiting 
circuitry. 
Although 
the device 
can with- 
stand momentary 
shorts to either power 
supply, 
it is not 
recommended. 


Many 
demanding 
high-speed 
applications 
such as ADC/ 
DAC buffers 
require 
op amps with low wideband 
output 
impedance. 
For example, low output impedance 
is essential 
when driving the signal-dependent 
capacitances 
at the inputs 
of flash ND converters. 
As shown in Figure 2, the OPA628 
maintains 
very low closed-loop 
output impedance 
over fre- 
quency. 
Closed-loop 
output impedance 
increases 
with fre- 
quency since loop gain is decreasing 
with frequency. 


NOISE FIGURE 
The OP A628' s voltage and current noise spectral densities 
are specified 
in the Typical 
Performance 
Curves. 
For RF 
applications, 
however, 
Noise Figure (NF) is often the pre- 
ferred noise specification 
since it allows system noise per- 
formance to be more easily calculated. The OPA628's 
Noise 
Figure 
vs Source 
Resistance 
is shown 
in Figure 
3 for 
frequencies 
above IMHz. 
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SETILING 
TIME 
Settling time is defined as the total time required, from the 
input 
signal 
step, 
for the output 
to settle 
to within 
the 
specified error band around the final value. This error band 
is expressed 
as a percentage 
of the value 
of the output 
transition, a 2V step. Thus, settling time to 0.01 % requires an 
error band of ±200~V centered around the final value of 2V. 


Settling time, specified in an inverting gain of one, is only 
64ns to 0.01 % for a 2V step. Settling time increases 
with 
closed-loop 
gain and output voltage change as described in 
the Typical 
Performance 
Curves. 
Preserving 
settling time 
requires critical attention to the details as mentioned 
under 
"Printed 
Circuit Board Guidelines." 
The amplifier 
also re- 
covers 
quickly 
from input overloads. 
Overload 
recovery 
time to linear operation 
from a SO% overload 
is typically 
only 60ns. Settling time measurements 
for the OPA628 were 
performed 
in the circuit configuration 
of Figure S. A sam- 
pling oscilloscope 
was used with signal averaging. 


CAPACITIVE 
LOADS 
Capacitive 
loads will decrease the OPA628's 
phase margin 
which may cause high frequency 
peaking 
or oscillations. 


Capacitive 
loads greater than 20pF should be buffered 
by 
connecting 
a small resistance, 
usually SO to 2S0, in series 
with the output as shown in Figure 4. This is particularly 
important when driving high capacitance 
loads such as flash 
AiD converters. 


mum high trequency pertormance. 
Coax Imes can Deanven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable (29pF/ft for RG-S8) will not load the amplifier when 
the coaxial 
cable or transmission 
line is terminated 
in its 
characteristic 
impedance. 


COMPENSATION 
The OPA628 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
60°. However, 
the unity gain buffer is the most demanding 
circuit configu- 
ration for loop stability and oscillations 
are most likely to 
occur in this gain. If possible, use the device in a noise gain 
of two or greater to improve phase margin and reduce the 
susceptibility 
to oscillation. 
(Note 
that, 
from 
a stability 
standpoint, 
an inverting 
gain of -IVN 
is equivalent 
to a 
noise gain of 2VN.) Gain and phase response for other gains 
are shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA628 
in a good 
layout is very flat with frequency. 
However, 
some circuit 
configurations, 
such as those where large feedback 
resis- 
tances are used, can produce high-frequency 
gain peaking. 
This 
peaking 
can be minimized 
by connecting 
a small 
capacitor in parallel with the feedback resistor. This capaci- 
tor compensates 
for the closed-loop, 
high frequency, transfer 
function zero that results from the time constant formed by 
the input capacitance 
of the amplifier (typically 2pF after PC 
board mounting), 
and the input and feedback resistors. 
The 
selected compensation 
capacitor 
may be a trimmer, 
a fixed 
capacitor, 
or a planned PC board capacitance. 
The capaci- 
tance 
value 
is strongly 
dependent 
on circuit 
layout 
and 
closed-loop 
gain. Using small resistor values will preserve 
the phase margin and avoid peaking by keeping 
the break 
frequency 
of this zero sufficiently 
high. When high closed- 
loop gains are required, 
a three-resistor 
attenuator 
(tee net- 
work) is recommended 
to avoid using large value resistors 
with large time constants. 


THERMAL 
CONSIDERATIONS 


The OPA628 does not require a heat sink for operation 
in 
most environments. 
The use of a heat sink, however, 
will 
reduce the internal 
thermal 
rise and will result in cooler, 
more reliable operation. At extreme temperatures 
and under 
full load conditions a heat sink is necessary. 
See "Maximum 
Power Dissipation" 
curve, Figure 6. 


The internal 
power 
dissipation 
is given 
by the equation 
PD = PDQ+ PDL, where PDQis the quiescent power dissipa- 
tion and PDLis the power dissipation 
in the output stage due 
to the load. (For ±Vcc = ±SV, PDQ = JOV X 32mA = 
320mW, max). For the case where the amplifier is driving a 
grounded load (RL) with a DC voltage (VOUT) the maximum 
valueofPDLoccurs 
at VOUT = Vccl2, 
and is equal to PDL, 


max = (Vcc)2/4RL. Note that it is the voltage 
across the 
output transistor, and not the load, that determines the power 
di'sipated 
in the output ,tage. 


When the output is shorted to common PDL= SV X 180mA 
= 900mW. 
Thus, PD, max = 320mW + 900mW 
z J.2W. 
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Note that the short circuit condition represents the maximum 
amount of internal power dissipation 
that can be generated. 


Thus, 
the "Maximum 
Power 
Dissipation" 
curve 
starts at 
1.2W and is derated based on a 175°C maximum junction 
temperature 
and the junction-to-ambient 
thermal resistance, 


0JA' of each package. The variation of short circuit current 
with temperature 
is shown in Figure 7. 
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INPUT 
PROTECTION 


Static damage has been well recognized 
for MOSFET 
de- 
vices, 
but any semiconductor 
device 
deserves 
protection 
from this potentially 
damaging 
source. The OPA628 incor- 


porates on-chip ESD protection diodes as shown in Figure 8. 
This eliminates the need for the user to add external protec- 
tion diodes, 
which can add capacitance 
and degrade 
AC 
performance. 


+vcc 


~----------- 


All pins on the OPA628 are internally protected 
from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about O.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 


present. 
The diodes can typically 
withstand 
a continuous 


current of 30mA without destruction. 
To insure long term 
reliability, however, diode current should be externally 
lim- 
ited to approximately 
IOmA whenever 
possible. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


The OPA628's 
input offset voltage is laser-trimmed 
and will 
require no further adjustment 
for most applications. 
How- 
ever, if additional adjustment is needed, the circuit in Figure 
9 can be used without degrading 
offset drift with tempera- 
ture. Avoid 
external 
adjustment 
whenever 
possible 
since 
extraneous 
noise, such as power supply noise, can be inad- 
vertently coupled into the amplifier's 
inverting input termi- 
nal. Remember that additional offset errors can be created by 


the amplifier's 
input bias currents. Whenever possible, match 
the impedance seen by both inputs as is shown with R3• This 
will reduce error due to the amplifier's 
input bias current. 


SPICE 
MODELS 
Computer 
simulation 
using 
SPICE 
is often useful 
when 
analyzing 
the performance 
of analog circuits and systems. 
This is particularly 
true for Video and RF amplifier circuits 
where 
parasitic 
capacitance 
and inductance 
can have 
a 
major 
effect 
on circuit 
performance. 
SPICE 
models 
are 
available 
for the OPA628. 
Contact 
Burr-Brown 
Applica- 
tions Department 
to receive a SPICE diskette. 


Reliability reports are available upon request for each of the 
package 
options offered. 


Contact Burr-Brown 
Applications 
Department 
for availabil- 
ity of demonstration 
boards 
for the OPA628. 
There 
are 
separate demonstration 
boards for the DIP and SOIC pack- 
ages. These demonstration 
boards use the PC board layouts 
shown in Figures lOa and lOb. They are carefully designed 
for optimum low distortion performance 
as described in the 
wiring precaution 
section. 


PRINTED 
CIRCUIT 
BOARD 
GUIDELINES 


The printed circuit board layout is critical to obtaining 
the 
full 
performance 
of the 
OPA628, 
particularly 
optimum 
distortion and gain flatness. The guidelines below should be 
employed 
to design 
the OPA628 
printed 
circuit 
board. 


Conceptual 
layouts illustrating 
these guidelines 
for the DIP 
and SOIC packages 
are shown in Figures 
lOa and lOb. 


I. Establish the primary ground plane on the IC side of the 
PC board. The primary ground plane is the lowest imped- 
ance ground plane, it should be as wide as possible with 
minimal interruptions. 
Connect all unused space on both 


sides of the board to the ground plane. The ground plane 
should extend beneath the body of the IC on both sides 
of the board. A 2-ounce copper ground plane is recom- 
mended. The input signal ground return, the load return, 
and the power supply common should all be connected to 
the same physical point to avoid ground loops which can 
cause unwanted 
feedback. 


2. The entire physical circuit should be as small as practical. 
All signal and power supply paths should be as short and 
direct 
as possible 
to minimize 
stray 
capacitance 
and 
inductance 
which are detrimental 
to high frequency 
per- 
formance. 
Minimize 
signal trace impedance 
by keeping 
traces as wide and short as possible. 
Stray capacitance 
should be minimized, especially at high impedance nodes 
such as the amplifier's 
input terminals. 
In addition, stray 
signal coupling from the output of the amplifier back to 
the input should be minimized. 


3. In general, the use of surface mount components 
improves 
performance 
over through-hole 
components 
by minimiz- 
ing parasitics. 
(However, 
it should be noted that use of 
the DIP version 
of the OPA628 
will not compromise 
amplifier performance.) 
If circuit elements with leads are 
used, the leads should be kept as short as possible (6mm) 
to minimize lead inductance. 
Resistors used in feedback 
networks should have values of a few hundred ohms for 
best performance. 
Shunt capacitance 
problems 
limit the 
acceptable 
resistance range to about I,OOOQ on the high 
end and to a value that is within the amplifier's 
output 
drive limits on the low end. Remember 
that output cur- 
rent must be provided 
by the amplifier 
to drive its own 
feedback 
network as well as to drive its load. 


4. As with any low distortion, 
wide bandwidth 
amplifier, 


power supply bypassing 
is extremely 
critical 
and must 
always be used. The system power supplies 
should be 
well bypassed 
at the board 
level with a minimum 
of 
2.2f.lF tantalum 
capacitors. 
In addition, 
all four power 
supply leads should be locally 
bypassed 
to ground 
as 
close as possible 
to the amplifier 
pins. Surface 
mount 
O.lf.lF capacitors 
will provide 
the best performance 
for 
local bypassing. Johanson O.If.lF capacitors 
(part number 
250RI8BI04ZP4W) 
are used on the OPA628 demonstra- 


tion board. All power supply bypass capacitors should be 
low impedance 
designs 
and should 
be located 
on the 
primary ground plane side of the PC board for the lowest 
impedance 
connection 
to ground. Properly bypassed and 
modulation 
free power supply lines allow optimum 
am- 
plifier performance. 


5. The OPA628 
should 
be soldered 
directly 
into the PC 
board for best performance. 
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-vcc 


Top-side 
and Primary 
Ground-plane 


-vcc 


Bottom (as seen through board) 


NOTES: (1) Pin 1 designated 
by rectangular 
pad. (2) OUT inserted Top-side. 
(3) Power supply by-pass caps installed at pin locations on Top-side. 
(4) All 


unused 
area on both sides connected 
to primary ground·p1ane. 
(5) Continue 
ground-plane 
under OUT both sides. 


BURR· BROWNe 
IElElI 
Burr-Brown Ie Data Book-Linear 
Products 


-vcc 


Top-side 
and Primary Ground·plane 


-vcc 


BoUom 
(as 
seen 
through 
board) 


NOTES: (1) Pad 1 designated 
by smallest rectangle. (2) DUT installed Top-side. 
(3) Power supply bypass caps installed at pad locations on Top-side. 
(4) All 


unused area on both sides connected 
to primary ground-plane. 
(5) Continue 
ground-plane 
under OUT both sides. 
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APPLICATIONS 


High output current drive capability 
(6Vp-p into 7Sn) 


allows 
two back·terminated 
750: transmission 
lines 


to be simultaneously 
driven. 


ADC614 
249n 


lson 
12-8it, 


10MHz AID 


Diffe;':l~ 


249n 


Converter 
Single- 


7SQ 


~ 


~ 
Ended 
Triax 
Signai 
Input 
249n 
Output 


Input 
Rs 


Input 
L-~ 


249n 


46 
Analog 


Common 


NOTE: 
The value of Rs varies with the value of the input capacitance 
of 
the AiD converter. 
As is on for the ADC614 
since the input capacitance 


in only SpF. 


ADC INPUT CAPACITANCE 
Rs 


C'N< 20pF 
on 


C,N,20pF 
30nto 
son 
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DEMO 
BOARD 
AVAILABLE 
See Appendix 
A 


Wideband 
Voltage Feedback 
OPERATIONAL 
AMPLIFIER 


• 
UNITY-GAIN 
BANDWIDTH: 
1.3GHz 


• 
UNITY-GAIN 
STABLE 


• 
LOW NOISE: 2.9nVN'Hz 


• 
LOW HARMONICS: 
-75dBc 
at 10MHz 


• 
HIGH COMMON 
MODE REJECTION: 
85dB 


• 
HIGH SLEW 
RATE: 350VlllS 


The OP A640 is an extremely 
wideband 
operational 


amplifier 
featuring 
low noise, 
high common 
mode 
rejection and high spurious free dynamic range. 


The OPA640 is internally compensated 
for unity-gain 
stability. This amplifier has a fully symmetrical 
differ- 
ential input due to its "classical" 
operational 
amplifier 


• 
COMMUNICATIONS 


• 
MEDICAL 
IMAGING 


• 
TEST EQUIPMENT 


• 
CCD IMAGING 


• 
ADC/DAC 
GAIN AMPLIFIER 


• 
HIGH-RESOLUTION 
VIDEO 


• 
LOW NOISE PREAMPLIFIER 


• 
DIFFERENTIAL 
AMPLIFIER 


• 
ACTIVE 
FILTERS 


circuit architecture. 
This allows the OPA640 to be used 
in all op amp applications 
requiring 
high speed 
and 
precision. 


Low noise, wide bandwidth, 
and high linearity 
make 
this amplifier 
suitable 
for a variety 
of RF and video 
applications. 
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SPECIFICATIONS 


ELECTRICAL 


T.: 
+25"C, v.= ±5V, F\ = 1000, C, = 2pF, R", = 4020 and all four power supply pins are used unless otherwise 
noted. R,. = 250 for a gain of +1. 


OPA640H, 
P, U 
OPA640HSQ, 
PB, UB 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
0 


OFFSET VOLTAGE 
~ 


Input Offset Voltage 
±2.0 
±5 
1.0 
±2.0 
mV 
(0 


Average 
Drift, 
±10 
±6 
~vrc 


~ 
HSQ Grade Over Temperature 
±3.0 
±5 
mV 


Power Supply Rejection (+Vs) 
Vs: 
±4.5 to ±5.5V 
60 
75 
dB 
0 
(-Vol 
53 
60 
dB 


INPUT BIAS CURRENTl'1 
Input Bias Current 
VCM = OV 
15 
25 
~ 


Over Specified Temperature 
30 
75 
18 
55 
~ 


HSQ Grade Over Temperature 
20 
75 
~ 


Input Offset Current 
VCM = OV 
0.3 
2.0 
1.0 
~ 


Over Specified Temperature 
0.5 
2.5 
2.0 
~ 
en 
HSQ Grade Over Temperature 
0.5 
3.0 
~ 
a: 
NOISE 
W 
Input Voltage Noise Density 
nV/,JHz 
i:i: 
f = 100Hz 
7.0 
f= 
10kHz 
2.8 
nV/,JHz 
~ 
f= 
1MHz 
2.8 
nV/,JHz 
0.. 


f = 1MHz to 500MHz 
2.9 
nV/,JHz 


Voitage Noise, BW - 100Hz to 500MHz 
65 
~Vrms 
:ii: 
Input Bias Current Noise Density 
pAl,JHz 
<C 
f: 
O.lHz to 20kHz 
2.0 
..J 
Noise Figure (NF) 
<C 
Rs: 
lkO 
2.6 
dB 
Rs = 500 
10.9 
dB 
Z 


INPUT VOLTAGE 
RANGE 
0 
Common-Mode 
Input Range 
±2.5 
±2.85 
V 


~ 
Over Temperature 
±2.5 
±2.75 
V 


Common-Mode 
Rejection 
VCM = ±0.5V 
70 
85 
80 
88 
dB 
a: 
INPUT IMPEDANCE 
W 
Differential 
15111 
kOll 
pF 
0.. 


Common·Mode 
2111 
MOil 
pF 
0 
OPEN·LOOP 
GAIN, DC 
Open-Loop 
Voltage Gain 
Va = ±2V, RL = 1000 
50 
57 
53 
dB 
Over Specijied Temperature 
Va = ±2V, RL: 
1000 
45 
55 
dB 


FREQUENCY 
RESPONSE, 
RFB = 4020 
All Four Power Pins Used 


Closed-Loop 
Bandwidth 
Gain"" .1VN 
1.3 
GHz 


Gain"" .2VN 
280 
MHz 


Gain:: 
+SVN 
65 
MHz 


Gain = +10VN 
31 
MHz 
Slew 
Rate(2) 
G = +1, 2V Step 
350 
VI~s 


At Minimum Specified Temperature 
G = +1, 2V Step 
285 
VI~ 


Settling Time 
0.01% 
G = +1, 2V Step 
22 
ns 


0.1% 
G = +1, 2V Step 
18 
ns 


1% 
G = +1, 2V Step 
4.5 
ns 
Spurious 
Free Dynamic Range 
G = +1, f = 5MHz, Va - 2Vp-p 
85 
dBc 


G = +1, f = 10MHz, Va = 2Vp-p 
75 
dBc 


G = +1, f = 20MHz, Va = 2Vp-p 
65 
dBc 


Gain Flatness to 0.1dB 
G::+10r+2 
120 
MHz 
Differential 
Gain at 3.58MHz, 
Va = OV to 1.4V, RL = 1500 
0.07 
% 


G = +2VN 
Differential 
Phase at 3.58MHz, 
Va = OV to 1.4V, RL = 1500 
0.008 
Degrees 


G = +2VN 


OUTPUT 
Voltage Output 
No Load 
Over Specified Temperature 
±2.6 
±3.0 
V 


HSQ Grade Over Temperature 
±2.5 
±2.8 
V 


Voltage Output 
RL = 1000 
Over Specified Temperature 
±2.25 
±2.5 
V 


HSQ Grade Over Temperature 
±2.0 
±2.25 
V 


Current Output, +25"C 
±4O 
±52 
mA 


Over Specified Temperature 
±25 
±45 
mA 


HSQ Grade Over Temperature 
±25 
±35 
mA 


Short Circuit Current 
75 
mA 


Output Resistance 
1MHz, G = +1VN 
0.2 
0 
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ELECTRICAL 


TA = +25°C, Vs = ±5V, RL = 1000, CL = 2pF, RFe = 402Q and all four power supply pins are used unless otherwise 
noted. RFB = 250 for a gain of +1. 


OPA640H, 
P, U 
OPA640HSQ, 
PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
Specified Operating 
Voltage 
TMIN to TMAX 
±5 
V 
Operating Voltage Range 
TMIN to TMAX 
±4.5 
±5.5 
V 
Quiescent 
Current 
±18 
±22 
mA 
Over Specified Temperature 
±19 
±24 
mA 


TEMPERATURE 
RANGE 
Specilicalion: 
H, P, PB, U, UB 
Ambient 
-40 
+85 
°C 
HSa 
Ambient 
-55 
+125 
°C 
Thermal 
Resistance 
8JA• Junction to Ambient 
°CIW 
P 
120 
°CIW 
U 
170 
°CIW 
H 
120 
°CIW 


OPA640 
() 
( 
) 


Basic Model Number 
=- T J 
Package Code 
---.J 


H = a-pin Sidebraze 
DIP 
P = 8-pin Plastic DIP 
U = 8-pin Plastic SOIC 
Performance 
Grade Code 
S = -55°C 
to +125°C 
B(l) or No Letter = -40°C 
to +85°C 
Reliability Screening 
a 
a-Screened 
(HSa 
Model Only) 


Inverting Input 


Non-Inverting 
Input 


NOTE: (1) Making use of all four power supply pins is highly recommended, 
although not required. Using these four pins, instead of just pins 4 and 7, will 
lower the effective pin impedance and substantially 
lower disiortion. 


Supply.. 
.. ±5.5VDC 
Internal Power Dissipation(l) 
See Applications 
Information 
Differential 
Input Voltage. 
. 
Total Vcc 


Input Voltage Range 
See Applications 
Information 
Storage Temperature 
Range: H, HSQ 
-65°C 
to +150°C 


P, PB, U, UB 
-40°C 
10 +125°C 


Lead Temperature 
(soldering, 
10s).. 
+300°C 
(soldering, 
SOIC 3s) . 
. 
+260°C 


Junction Temperature 
(TJ) 
+175°C 


NOTE: (1) Packages must be derated based on specified 
(J JA' 
Maximum 
TJ 
must be observed. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


OPA640H, 
HSa 
8-Pin Sidebraze DIP 
157 
OPA640P, 
PB 
8-Pin DIP 
006 
OPA640U, 
US 
8-Pin SOIC 
182 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance 
degradation 
to complete 
device 
failure, 
Burr- 
Brown Corporation 
recommends 
that all integrated 
circuits 
be handled 
and stored 
using 
appropriate 
ESD protection 
methods, 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications, 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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APPLICATIONS INFORMATION 


DISCUSSION 
OF PERFORMANCE 


The OPA640 
provides 
a level of speed and precision 
not 
previously 
attainable 
in monolithic 
form. 
Unlike 
current 
feedback 
amplifiers, 
the OPA640's 
design uses a "Classi- 
cal" operational 
amplifier architecture 
and can therefore be 
used 
in all traditional 
operational 
amplifier 
applications. 
While it is true that current feedback amplifiers can provide 
wider bandwidth 
at higher gains, they offer some disadvan- 
tages. 
The 
asymmetrical 
input 
characteristics 
of current 
feedback 
amplifiers 
(i.e. one input is a low impedance) 
prevents them from being used in a variety of applications. 
In addition, unbalanced inputs make input bias current errors 
difficult to correct. Cancelling offset errors (due to input bias 
currents) 
through 
matching 
of inverting 
and non-inverting 
input resistors is impossible 
because the input bias currents 
are uncorrelated. 
Current noise is also asymmetrical 
and is 
usually significantly 
higher on the inverting 
input. Perhaps 
most important, 
settling time to 0.01 % is often extremely 
poor due to internal design tradeoffs. Many current feedback 
designs 
exhibit 
settling 
times 
to 0.01 % in excess 
of 10 
microseconds 
even though 0.1 % settling times are reason- 
able. Such amplifiers 
are completely 
inadequate 
for fast 
settling 
12-bit applications. 


The OPA640's 
"Classical" 
operational 
amplifier 
architec- 
ture employs 
true differential 
and fully symmetrical 
inputs 
to eliminate 
these 
troublesome 
problems. 
All traditional 
circuit 
configurations 
and 
op amp 
theory 
apply 
to the 
OPA640. 


WIRING 
PRECAUTIONS 


Maximizing 
the OPA640's 
capability requires some wiring 
precautions 
and high-frequency 
layout techniques. 
Oscilla- 
tion, ringing, poor bandwidth and settling, gain peaking, and 


instability 
are typical 
problems 
plaguing 
all high-speed 
amplifiers 
when they are improperly 
used. In general, 
all 
printed circuit board conductors 
should be wide to provide 
low resistance, 
low impedance 
signal paths. They should 
also be as short as possible. 
The entire 
physical 
circuit 
should be as small as practical. Stray capacitances 
should be 
minimized, 
especially 
at high impedance 
nodes, such as the 
amplifier's 
input terminals. 
Stray signal coupling 
from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) 
to minimize 
lead 
inductance, 
and low values 
of 
resistance should be used. This will minimize time constants 
formed 
with the circuit 
capacitances 
and 
will eliminate 
stray, parasitic circuits. 


Grounding 
is the most important 
application 
consideration 
for the OPA640, 
as it is with all high-frequency 
circuits. 
Oscillations 
at high frequencies 
can easily 
occur if good 
grounding 
techniques 
are not used. A heavy ground plane 
(20z copper recommended) 
should connect all unused areas 
on the component side. Good ground planes can reduce stray 
signal 
pickup, 
provide 
a low resistance, 
low inductance 
common return path for signal and power, and can conduct 
heat from active circuit package 
pins into ambient 
air by 
convection. 


Supply bypassing 
is extremely 
critical and must always be 
used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum 
capacitors 
(2.2JlF) 
with very short leads are recommended. 
A parallel O.OIJlF 
ceramic must also be added. Surface mount bypass capaci- 
tors will produce 
excellent 
results 
due to their 
low lead 
inductance. 
Additionally, 
suppression 
filters can be used to 
isolate noisy supply lines. 
Properly bypassed 
and modula- 
tion-free power supply lines allow full amplifier output and 
optimum 
settling time performance. 
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Points 
to Remember 
1) Making use of all four power supply pins will lower the 
effective 
power 
supply impedance 
seen by the input and 
output 
stages. This will improve 
the AC performance 
in- 
cluding 
lower distortion. 
The lowest distortion is achieved 
when running separate traces to VS1 and Vs,' Power supply 
bypassing 
with 0.01 flF and 2.21lF surface mount capacitors 
on the topside 
of the PC board 
is recommended. 
It is 
essential 
to keep the O.OIIlF capacitor 
very close to the 
power supply pins. Refer to the DEM-OPA64X 
data sheet 
for the recommended 
layout and component 
placements. 


2) Whenever 
possible, use surface mount. Don't use point- 
to-point wiring as the increase in wiring inductance 
will be 
detrimental to AC performance. 
However, if it must be used, 
very short, direct signal paths are required. The input signal 
ground return, the load ground return, and the power supply 
common should all be connected to the same physical point 
to eliminate ground loops, which can cause unwanted feed- 
back. 


3) Surface mount on backside 
of PC Board. Good compo- 
nent selection is essential. 
Capacitors 
used in critical loca- 
tions should be a low inductance 
type with a high quality 
dielectric 
material. 
Likewise, 
diodes used in critical loca- 
tions should be Schottky 
barrier 
types, such as HP5082- 
2835 for fast recovery and minimum 
charge storage. Ordi- 
nary diodes will not be suitable in RF circuits. 


4) Whenever 
possible, solder the OPA640 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 
capacitance 
and inductance, 
which can seriously 
degrade 
AC performance 
or produce oscillations. 


5) Use a small feedback resistor (usually 250) 
in unity-gain 
voltage follower applications 
for the best performance. 
For 
gain configurations, 
resistors 
used 
in feedback 
networks 
should have values of a few hundred ohms for best perfor- 
mance. 
Shunt 
capacitance 
problems 
limit the acceptable 
resistance range to about lill 
on the high end and to a value 
that is within the amplifier's 
output drive limits on the low 
end. Metal film and carbon resistors will be satisfactory, 
but 
wirewound 
resistors (even "non-inductive" 
types) are abso- 
lutely 
unacceptable 
in high-frequency 
circuits. 
Feedback 
resistors 
should be placed directly between 
the output and 
the inverting 
input on the backside 
of the PC board. This 
placement 
allows 
for the shortest 
feedback 
path and the 
highest bandwidth. 
Refer to the demonstration 
board layout 
at the end of the data sheet. A longer 
feedback 
path than 
this will decrease 
the realized 
bandwidth 
substantially. 


6) Due to the extremely high bandwidth of the OPA640, the 
SOIC package 
is strongly recommended 
due its low para- 
sitic impedance. 
The parasitic impedance 
in the PDIP and 
CERDIP packages causes the OPA640 to experience 
about 
5dB of gain peaking 
in unity-gain 
configurations. 
This is 
compared with virtually no gain peaking in the SOIC pack- 
age in unity-gain. The gain peaking in the PDIP and CERDIP 
packages 
is minimized 
in gains of 2 or greater, however. 


Surface 
mOllnt components 
(chip resistors, 
capacitors. 
etc.) 
have 
low lead 
inductance 
and are also strongly 
recom- 
mended. 


7) Avoid 
overloading 
the output. 
Remember 
that output 
current must be provided 
by the amplifier 
to drive its own 
feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


8) Don't 
forget 
that these 
amplifiers 
use ±5V 
supplies. 
Although 
they will operate 
perfectly 
well with +5V and 
-5.2V, 
use of ±15V supplies will destroy the part. 


9) Standard 
commercial 
test equipment 
has not been de- 
signed to test devices in the OPA640's 
speed range. Bench- 
top op amp testers and ATE systems will require a special 
test head to successfully 
test these amplifiers. 


10) Terminate 
transmission 
line loads. Unterminated 
lines," 
such as coaxial cable, can appear to the amplifier 
to be a 
capacitive 
or inductive 
load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 


11) Plug-in prototype boards and wire-wrap boards will not 
be satisfactory. 
A clean 
layout 
using 
RF techniques 
is 
essential; 
there are no shortcuts. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


If additional 
offset 
adjustment 
is needed, 
the circuit 
in 
Figure 
1 can be used without 
degrading 
offset drift with 
temperature. 
Avoid external adjustment 
whenever 
possible 
since extraneous 
noise, such as power supply noise, can be 
inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 
created 
by the amplifier's 
input bias currents. 
Whenever 
possible, 
match the impedance 
seen by both inputs 
as is 
shown with R,. This will reduce input bias current errors to 
the amplifier's 
offset current. 


Output Trim Range := +Vcc J!L 
to 
-Vec ~ 
RTrim 
RTrim 


INPUT PROTECTION 


Static damage has been well recognized 
for MOSFET 
de- 
vices, 
but any semiconductor 
device 
deserves 
protection 
from this potentially 
damaging 
source. The OPA640 incor- 
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porates on-chip ESD protection diodes as shown in Figure 2. 
This eliminates 
the need for the user to add external protec- 
tion diodes, 
which 
can add capacitance 
and degrade 
AC 
performance. 


+vcc 
ESD Protection 
diodes internally 


E~ernal 
~ 
~:~~~d_t~:1 
Pl~n~ernal 


Pin 
~ 
Circuitry 


-Vcc 


All pins on the OPA640 are internally protected from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about O.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 
present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, however, diode current should be externally 
lim- 
ited to IOmA or so whenever 
possible. 


The OPA640 
utilizes 
a fine geometry 
high speed process 
that withstands 
500V using Human Body Model and lOOV 
using 
the Machine 
Model. 
However, 
static 
damage 
can 
cause subtle changes in amplifier input characteristics 
with- 
out necessarily 
destroying 
the device. 
In precision 
opera- 
tional amplifiers, this may cause a noticeable degradation 
of 
offset voltage and drift. Therefore, static protection is strongly 
recommended 
when handling the OPA640. 


OUTPUT 
DRIVE CAPABILITY 


The OPA640 
has been optimized 
to drive 750. and lOOn 
resistive loads. The device can drive 2Vp-p into a 750. load. 
This high-output 
drive capability 
makes 
the OPA640 
an 
ideal choice for a wide range of RF, IF, and video applica- 
tions. In many cases, additional 
buffer amplifiers 
are un- 
needed. 


Many 
demanding 
high-speed 
applications 
such 
as 
ADCIDAC 
buffers 
require 
op amps with low wideband 
output impedance. 
For example, 
low output impedance 
is 
essential when driving the signal-dependent 
capacitances 
at 
the inputs 
of flash AID converters. 
As shown in Figure 3, 


the OPA640 maintains very low closed-loop 
output imped- 
ance 
over 
frequency. 
Closed-loop 
output 
impedance 
in- 
creases with frequency 
since loop gain is decreasing 
with 
frequency. 
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o 
0.Q1 


100k 
1M 


Frequency (HZ) 


THERMAL 
CONSIDERATIONS 


The OPA640 
does not require a heat sink for operation 
in 
most environments. 
At extreme temperatures 
and under full 
load conditions 
a heat sink may be necessary. 


The internal 
power 
dissipation 
is given 
by the equation 
PD = PDQ+ PDL' where PDQis the quiescent power dissipation 
and PDL is the power dissipation in the output stage due to the 
load. (For ±V cc= ±5V, PDQ= JOV x 22mA = 220mW, max). 
For the case where the amplifier is driving a grounded 
load 
(RL) with a DC voltage (±Vam) the maximum 
value of P DL 
occurs 
at 
±V OUT 
= 
±V cc12, 
and 
is 
equal 
to 
P DL' 
max 
= (±V cc)2/4~. 
Note that it is the voltage across the 
output transistor, and not the load, that determines the power 
dissipated 
in the output stage. 


A short-circuit 
condition represents the maximum amount of 
internal power dissipation 
that can be generated. 
The varia- 
tion of output current with temperature 
is shown in Figure 4. 
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CAPACITIVE 
LOADS 


The OP A640' s output stage has been optimized to drive low 
resistive loads. Capacitive loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 
peaking 
or oscillations. 
Capacitive 
loads greater than 2pF 
should be buffered by connecting 
a small resistance, usually 
50 to 250, 
in series with the output as shown in Figure 5. 


This is particularly 
important when driving high capacitance 
loads such as flash AID converters. 
Increasing the gain from 
+I will improve the capacitive 
load drive due to increased 
phase margin. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot 
for RG-58) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


COMPENSATION 


The OPA640 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
60°. However, 
the unity gain buffer is the most demanding 
circuit configu- 
ration for loop stability and oscillations 
are most likely to 
occur in this gain. If possible, use the device in a noise gain 
of two or greater to improve phase margin and reduce the 
susceptibility 
to oscillation. 
(Note 
that, 
from 
a stability 
standpoint, 
an inverting 
gain of -IVN is equivalent 
to a 
noise gain of 2.) Gain and phase response for other gains are 
shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA640 
in a good 
layout is 
very flat with frequency. 
However, 
some circuit 
configurations 
such as those 
where 
large feedback 
resis- 
tances are used, can produce high-frequency 
gain 
peaking. 
This 
peaking 
can be minimized 
by connecting 
a small 
capacitor in parallel with the feedback resistor. This capaci- 
tor compensates 
for the closed-loop, 
high frequency, transfer 
function zero that results from the time constant formed by 
the input capacitance of the amplifier (typically 2pF after PC 
board mounting), 
and the input and feedback resistors. The 


selected 
compensation 
capacitor may be a trinuner, a fixed 
capacitor, 
or a planned 
PC board capacitance. 
The capaci- 
tance 
value 
is strongly 
dependent 
on circuit 
layout 
and 
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closed-loop 
gain. Using small resistor values will preserve 
the phase margin and avoid peaking 
by keeping the break 
frequency 
of this zero sufficiently 
high. When high closed- 
loop gains are required, 
a three-resistor 
attenuator 
(tee net- 
work) is recommended 
to avoid using large value resistors 


with large time constants. 


Settling time is defined as the total time required, 
from the 
input 
signal 
step, 
for the output 
to settle 
to within 
the 
specified error band around the final value. This error band 
is expressed 
as a percentage 
of the value 
of the output" 


transition, 
a 2V step. Thus, settling time to 0.01 % requires 
an error band of ±200/l V centered around the final value of 
2V. 


Settling time, specified in an inverting gain of one, occurs in 
only 15ns to 0.01 % for a 2V step, making the OPA640 one 
of the fastest 
settling 
monolithic 
amplifiers 
commercially 
available. 
Settling time increases with closed-loop 
gain and 
output voltage change as described in the Typical Perform- 
ance Curves. Preserving 
settling time requires critical atten- 
tion to the details as mentioned under "Wiring Precautions." 
The amplifier 
also recovers 
quickly 
from input overloads. 
Overload 
recovery 
time to linear 
operation 
from a 50% 


overload is typically only 35ns. 


In practice, 
settling 
time measurements 
on the OPA640 
prove to be very difficult to perform. Accurate measurement 
is next to impossible 
in all but the very best equipped 
labs. 


Among other things, a fast flat-top generator and high speed 
oscilloscope 
are needed. Unfortunately, 
fast flat-top genera- 
tors, which settle to 0.0 I% in sufficient time, are scarce and 
expensive. Fast oscilloscopes, 
however, are more commonly 


available. For best results a sampling oscilloscope 
is recom- 
mended. 
Sampling 
scopes typically 
have bandwidths 
that 
are greater 
than 
IGHz and very low capacitance 
inputs. 
They also exhibit faster settling times in response to signals 
that would tend to overload 
a real-time oscilloscope. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DG) 
and Differential 
Phase 
(DP) 
are 
among the more important 
specifications 
for video applica- 
tions. DG is defined 
as the percent 
change in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop 
phase 
over the same output voltage change. Both DG and DP are 
specified 
at the NTSC 
sub-carrier 
frequency 
of 3.58MHz. 


DG and DP increase 
with 
closed-loop 
gain 
and output 
voltage 
transition 
as shown 
in the Typical 
Performance 
Curves. All measurements 
were performed using a Tektronix 
model VM700 Video Measurement 
Set. 


The OPA640's 
Harmonic 
Distortion 
characteristics 
vs fre- 
quency and power output are shown in the Typical Perfor- 
mance Curves. 
Distortion 
can be further improved 
by in- 


creasing the load resistance. Refer to Figure 6. Remember to 
include 
the contribution 
of the feedback 
resistance 
when 


calculating 
the effective 
load resistance 
seen by the ampli- 


fier. 
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The third·order 
intercept point is an important parameter for 
many 
RF 
amplifier 
applications. 
Figure 
7 shows 
the 


OPA640's 
single tone, third·order 
intercept 
vs frequency. 


This curve is particularly 
useful for determining 
the magni- 


tude of the third harmonic as a function of frequency, 
load 
resistance, 
and gain. For example, assume that the applica- 
tion requires the OPA640 to operate in a gain of +IVNand 
drive 2Vp-p into 50n at a frequency of 10MHz. Referring to 
Figure II we find that the intercept point is +47dBm. 
The 
magnitude 
of the third harmonic 
can now be easily calcu- 
lated from the expression: 


Third Harmonic 
(dBc) = 2(OPI'P 
- Po) 


where OPI'P 
= third-order 
intercept, 
dBm 
Po = output level, dBm 


For this case OPI'P = 47dBm, 
Po = 47dBm, 
and the third 
Harmonic = 2(47 - 10) = 74dB below the fundamental 
tone. 


The OPA640's 
low distortion makes the device an excellent 


choice for a variety of RF signal processing 
applications. 


The value for the two-tone, third-order 
intercept is typically 


8dB lower than the single tone value. 
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FIGURE 7. Single-Tone, 
3rd-Order Intercept Point vs Fre- 
quency. 


The OPA640 voltage and current noise spectral densities are 
specified in the Typical Performance 
Curves. For RF appli- 
cations, however, Noise Figure (NF) is often the preferred 
noise specification 
since it allows system noise performance 
to be more easily calculated. The OPA640's 
Noise Figure vs 


Source Resistance 
is shown in Figure 8. 
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ENVIRONMENTAL 
(Q) SCREENING 


The inherent 
reliability 
of a semiconductor 
device is con- 
trolled by the design, materials and fabrication 
of the device 
-it 
cannot be improved 
by testing. 
However, 
the use of 
environmental 
screening can eliminate the majority of those 
units which would fail early in their lifetimes (infant mortal- 
ity) through the application 
of carefully selected accelerated 
stress levels. Burr-Brown 
"Q-Screening" 
provides environ- 
mental 
screening 
to our standard 
industrial 
products, 
thus 
enhancing reliability. The screening illustrated in the follow- 
ing table is performed 
to selected 
stress levels similar to 
those of MIL-STD-883. 


SCREEN 
METHOD 


Internal 
Visual 
Burr-Brown 
QC41 18 


Stabilization 
Bake 
Temperature 
= 150°C, 
24 hrs 


Temperature 
Cycling 
Temperature 
= -65°C 
to 150°C, 
10 cycles 


Burn·ln 
Test 
Temperature 
= 125°C, 
160 hrs minimum 


Centrifuge 
20.000G 


Hermetic 
Seal 
Fine: He leak rate < 5 x 10-3 aIm eels, 30PSiG 


Gross: per Fluorocarbon 
bubble 
test, 60PSiG 


Electrical 
Tests 
As described 
in specifications 
tables. 


External 
Visual 
Burr-Brown QC51 50 


NOTE: (1) SelecIJ,. 
J,and R" 
R2 to set input stage current for 


optimum 
performance. 
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Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 


This is particularly 
true for Video and RF amplifier circuits 


where parasitic capacitance 
and inductance can have a major 


effect on circuit performance. 
SPICE models are available 


for the OPA640. Contact Burr-Brown 
Applications 
Depart- 


ment to receive a spice diskette. 


Demonstration 
boards 
to speed prototyping 
are available .• 
Refer to the DEM-OPA64x 
data sheet for details. 


Single- 


~ 
Ended 
V 
Output 


o 


Video 
~ 


Input 
?' 


500 or 750 


Transmission 
Line 
I~ 


+ 
SOO or 750 


500 
OPA640 
~l 


or 
SOO 
750 
or 


RF 
750 


4020 


Differential 
Differential 
RG 
Input 
Output 
L~ 


RF 
~J 


4020 
500 or 750 


Transmission 
Une 


OPA 
+ 
500 or 750 
soo 
500 
or 
or 
750 
750 


Differential Voltage Gain. 
2VN • 1 + 2R,JRG 


FIGURE 
13. Differential 
Line Driver for 50Q or 75Q Systems. 
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DEMO 
BOARD 
AVAILABLE 
see Appendix 
A 


Wideband 
Voltage Feedback 
OPERATIONAL 
AMPLIFIER 


• 
GAIN-BANDWIDTH: 
1.6GHz 


• 
STABLE 
IN GAINS ~ 2 


• 
LOW DIFFERENTIAL 
GAIN/PHASE 
ERRORS: 
0.015%/0.006 
0 


• 
HIGH SLEW 
RATE: 650Vlll5 


• 
FAST 12-BIT SETTLING: 
18n5 (O.01%) 


• 
HIGH COMMON-MODE 
REJECTION: 
80dB 


• 
LOW HARMONICS: 
-72dBc 
at 10MHz 


• 
COMMUNICATIONS 


• 
MEDICAL 
IMAGING 


• 
TEST EQUIPMENT 


• 
CCD IMAGING 


• 
ADC/DAC 
GAIN AMPLIFIER 


• 
HIGH-RESOLUTION 
VIDEO 


• 
LOW NOISE PREAMPLIFIER 


• 
ACTIVE 
FILTERS 


The OPA641 
is an extremely 
wideband 
operational 
amplifier featuring low noise, high slew rate and high 
spurious free dynamic 
range. 


The OPA641 
is conservatively 
compensated 
for sta- 
bility in gains of 2 or greater. This amplifier has a fully 
symmetrical 
differential 
input due to its "classical" 


operational 
amplifier 
circuit 
architecture. 
This allows 
the OPA641 
to be used 
in all op amp applications 
requiring 
high speed and precision. 


Low noise, wide bandwidth, 
and high linearity 
make 
this amplifier 
suitable for a variety of RF, video, and 
imaging applications. 
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OPA641H, 
P, U 
OPA641HSQ, 
PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
±2 
±6 
±1 
±2 
mV 
Average Drift 
±10 
±6 
/lVrC 
HSQ Grade Over Temperature 
±3 
±6 
mV 
Power Supply Rejection (+Vs) 
Vs = ±4.5 to ±5.5V 
56 
79 
61 
82 
dB 
(-Vs) 
51 
58 
54 
60 
dB 


INPUT BIAS CURRENT 
Input Bias Current 
VCM- 
OV 
13 
30 
JlA 
Over Specified Temperature 
20 
90 
JlA 
HSQ Grade Over Temperature 
30 
75 
JlA 
Input Offset Current 
VCM- 
OV 
0.2 
2 
1.0 
JlA 


Over Specified Temperature 
0.5 
2.5 
2.0 
JlA 


HSQ Grade Over Temperature 
1.2 
4.0 
JlA 


NOISE 
Input Vottage Noise 
Noise Density, f = 100Hz 
8.0 
nV/-IHz 


f -10kHz 
2.9 
nV/-IHz 


f= 1MHz 
2.8 
nV/-IHz 


f: 
1MHz to 500MHz 
2.8 
nV/-IHz 


Voijage Noise, BW = 100Hz to 500MHz 
63 
J.lVrms 
Input Bias Current Noise Density 
f : 0.1Hz to 20kHz 
2.0 
pAl-IHz 


Noise Figure (NF) 
Rs = 1kn 
4 
dB 
Rs·500 
13 
dB 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±2.5 
±2.85 
V 
Over Specified Temperature 
±2.5 
±2.75 
. 
V 
Common·Mode 
Rejection 
VCM- 
±0.5V 
56 
78 
65 
80 
dB 


INPUT IMPEDANCE 
Differential 
15111 
knll 
pF 
Common-Mode 
2111 
MOllpF 


OPEN·LOOP 
GAIN, DC 
Open-loop 
Voltage Gain 
Yo: 
±2V, RL: 
1000 
50 
58 
53 
61 
dB 
Over Specified Temperature 
Vo- 
±2V, RL .1000 
45 
56 
48 
dB 


FREQUENCY 
RESPONSE, 
RFB = 4020 
All Four Power Pins Used 
Closed-Loop 
Bandwidth 
Gain = +2VN 
800 
MHz 
Gain = +SVN 
78 
MHz 
Gain = +10VN 
39 
MHz 
Slew 
Rate(1) 
G = +2, 2V Step 
650 
V//ls 
At Minimum Specified Temperature 
G • +2, 2V Step 
550 
V//ls 
Settling Time: 0.01% 
G : +2, 2V Step 
18 
ns 
0.1% 
G - +2, 2V Step 
13 
ns 
1% 
G : +2, 2V Step 
5 
ns 
Differential Gain at 3.58MHz, G : +2VN 
Vo: 
OVto 1.4V, RL = 1500 
0.015 
% 
Differentiai Phase at 3.58MHz, G = +2VN 
Vo: 
OV to 1.4V, RL - 1500 
0.006 
degrees 
Gain Flatness 
G =+2 
0.1 
MHz 
Spurious Free Dynamic Range 
G: 
+2, f: 
5MHz, Vo - 2Vp-p 
78 
dBc 


G = +2, f = 1OMHz, Vo = 2Vp-p 
72 
dBc 


OUTPUT 
Voltage Output 
No Load 
Over Specified Temperature 
±2.6 
±3.0 
V 
HSQ Grade Over Temperature 
±2.5 
±2.8 
V 
Voltage Output 
RL: 
1000 
Over Specified Temperature 
±2.25 
±2.5 
V 
HSQ Grade Over Temperature 
±2.0 
±2.3 
Current Output 
±40 
±55 
mA 
Over Specified Temperature 
±25 
±SO 
mA 
HSQ Grade Over Temperature 
±25 
±SO 
mA 
Short Circuit Current 
75 
mA 
Output Resistance 
1MHz, G: 
+2VN 
0.04 
0 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 
TA"" 
+25°C, vs= ±5V, RL:::: 1000, CL = 2pF, RFB = 4020, 
and all four power supply pins are used unless otherwise 
noted. 


PARAMETER 


POWER SUPPLY 
Specified Operating Voltage 
Operating Voltage Range 
Quiescent Current 
Over Specified Temperature 


TEMPERATURE 
RANGE 
Specification: 
H, P, PB, U, UB 
HSQ 
Thermal Resistance 
P 
U 
H 


Ambient 
Ambient 
8JA• Junction to Ambient 


OPA641 
() 
( 
) 


Basic Model Number 
==r- T J 
Package Code 
----------------' 


H = 8-pin Sidebraze 
DIP 
P = 8-pin Plastic DIP 
U = 8-pin Plastic SOIC 
Performance 
Grade Code 
S = -55°C 
to +125°C 
B(l) or No Letter::: -40°C 
to +85°C 
Reliability 
Screening 
Q - Q-Screened 
(HSQ Model Only) 


NOTE: (1) The "S"grade olthe SOIC package will be designated with a "B". Refer 
to the mechanical section for the location. 


Inverting Input 


Non-Inverting 
Input 


NOTE: (1) Making use of all four power supply pins is highly recommended, 
although not required. Using these four pins, instead of just pins 4 and 7, will 
lower the effective pin impedance and substantially 
lower distortion. 


OPA641H, 
P, U 


MIN 
TYP 
MAX 


OPA641Hsa, 
PB, UB 


MIN 
TYP 
MAX 


±5 
±4.5 
±5.5 
±15 
±22 
±19 
±24 


-40 
+85 


-55 


120 
170 
120 


Supply 
±5.5VDC 


Internal Power Dissipation(1) . 
.. See Applications 
Information 
Differential 
Input Voltage 
Total Vcc 


Input Voltage Range 
See Applications 
lnformation 
Storage Temperature 
Range: H, HSQ 
-65'C 
to +150°C 
P, PB, U, UB 
-40'C 
to +125°C 
Lead Temperature 
(soldering, 
10s) 
. 
+300°C 
(soldering, 
SOIC 3s) . . 
. 
+260°C 
Junction Temperature 
(TJ) 
+175°C 


NOTE: (1) Packages must be derated based on specified 8 JA' Maximum 
TJ must be observed. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


OPA641H, 
HSQ 
8-Pin Cerdip 
157 
OPA641P, 
PB 
8-Pin DIP 
006 
OPA641U, 
UB 
8-Pin SOIC 
182 


A 
ELECTROSTATIC 
JJ!Ia. DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection 
methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 
fications. 


Tne Information prOVided nereln is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility 
for the use of this information, and aUuse of such information shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
prodUct for use in life support devices and/or systems. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES 
(CONT) 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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APPLICATIONS INFORMATION 


DISCUSSION 
OF PERFORMANCE 


The OPA641 
provides 
a level of speed and precision 
not 
previously 
attainable 
in monolithic 
form. Unlike 
current 
feedback 
amplifiers, 
the OPA64 1's design uses a "Classi- 
cal" operational 
amplifier 
architecture 
and can therefore 
be used 
in all traditional 
operational 
amplifier 
applica- 
tions. While it is true that current feedback 
amplifiers 
can 
provide 
wider bandwidth 
at higher gains, they offer some 
disadvantages. 
The asymmetrical 
input characteristics 
of 
current feedback 
amplifiers 
(i.e., one input is a low imped- 
ance) 
prevents 
them 
from 
being 
used 
in a variety 
of 
applications. 
In addition, 
unbalanced 
inputs 
make 
input 
bias current errors difficult 
to correct. Bias current cancel- 
lation 
through 
matching 
of inverting 
and non-inverting 
input resistors 
is impossible 
because 
the input bias cur- 
rents are uncorrelated. 
Current 
noise is also asymmetrical 
and is usually 
significantly 
higher on the inverting 
input. 


Perhaps 
most important, 
settling 
time to 0.01 % is often 
extremely 
poor 
due to internal 
design 
tradeoffs. 
Many 
current feedback 
designs exhibit settling times to 0.01 % in 
excess 
of 
10 microseconds 
even 
though 
0.1 % settling 
times are reasonable. 
Such amplifiers 
are completely 
in- 
adequate 
for fast settling 
12-bit applications. 


The OPA64 I 's "Classical" 
operational 
amplifier 
architec- 
ture employs true differential 
and fully symmetrical 
inputs 
to eliminate 
these 
troublesome 
problems. 
All traditional 
circuit 
configurations 
and 
op amp 
theory 
apply 
to the 
OPA641. 


WIRING 
PRECAUTIONS 


Maximizing 
the OP A641' s capability 
requires some wiring 
precautions 
and high-frequency 
layout techniques. 
Oscilla- 
tion, ringing, poor bandwidth and settling, gain peaking, and 
instability 
are 
typical 
problems 
plaguing 
all high-speed 
amplifiers 
when they are improperly 
used. In general, 
all 
printed circuit board conductors 
should be wide to provide 
low resistance, 
low impedance 
signal paths. They should 
also be as short 
as possible. 
The entire 
physical 
circuit 
should be as small as practical. Stray capacitances 
should be 
minimized, 
especially 
at high impedance 
nodes, such as the 
amplifier's 
input terminals. 
Stray signal coupling 
from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) 
to minimize 
lead inductance, 
and low values 
of 
resistance should be used. This will minimize time constants 
formed 
with 
the circuit 
capacitances 
and will eliminate 
stray, parasitic circuits. 


Grounding 
is the most important 
application 
consideration 
for the OP A64I, 
as it is with all high-frequency 
circuits. 
Oscillations 
at high frequencies 
can easily occur if good 
grounding 
techniques 
are not used. A heavy ground plane 
(2 oz. copper 
recommended) 
should 
connect 
all unused 
areas 
on the component 
side. 
Good 
ground 
planes 
can 
reduce stray signnJ pickup, provide a low resistance, 
low 
inductance 
common 
return path for signal and power, and 
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can 
conduct 
heat 
from 
active 
circuit 
package 
pins 
into 
ambient air by convection. 


Supply bypassing 
is extremely 
critical and must always be 
used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum 
capacitors 
(2.2JlF) 
with very short leads are recommended. 
A parallel O.OIJlF 
ceramic must also be added. Surface mount bypass capaci- 
tors will produce 
excellent 
results 
due to their 
low lead 
inductance. 
Additionally, 
suppression 
filters can be used to 
isolate noisy supply lines. 
Properly bypassed 
and modula- 
tion-free power supply lines allow full amplifier output and" 
optimum 
settling time performance. 
••• 


Points 
to Remember 
1) Making use of all four power supply pins will lower the 
effective 
power 
supply 
impedance 
seen by the input and 
output 
stages. This will improve 
the AC performance 
in- 
cluding 
lower distortion. 
The lowest distortion is achieved 
when running separated traces to VSI and VS2' Power supply 
bypassing 
with O.OIIlF and 2.21lF surface mount capacitors 
on the topside 
of the PC board 
is recommended. 
It is 
essential 
to keep the O.OllJF capacitor 
very close 
to the 
power supply pins. Refer to the DEM-OPA64x 
Datasheet 
for the recommended 
layout and component 
placement. 


2) Whenever possible, use surface mount. Don't use point-to- 
point wiring as the increase 
in wiring inductance 
will be 
detrimental to AC performance. However, if it must be used, 
very short, direct signal paths are required. The input signal 
ground return, the load ground return, and the power supply 
common should all be connected to the same physical point to 
eliminate ground loops, which can cause unwanted feedback. 


3) Surface mount on the PC Board. Good component 
selec- 
tion is essential. Capacitors 
used in critical locations should 
be a low inductance 
type with a high quality 
dielectric 
material. Likewise, 
diodes used in critical locations 
should 
be Schottky 
barrier 
types, 
such as HP5082-2835 
for fast 
recovery and minimum charge storage. Ordinary diodes will 
not be suitable in RF circuits. 


4) Whenever 
possible, 
solder the OPA641 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 
capacitance 
and inductance, 
which 
can seriously 
degrade 
AC performance 
or produce oscillations. 


5) Use a small feedback resistor (usually 25Q) in unity-gain 
voltage follower applications 
for the best performance. 
For 
gain configurations, 
resistors 
used 
in feedback 
networks 
should have values of a few hundred ohms for best perfor- 
mance. 
Shunt 
capacitance 
problems 
limit 
the acceptable 
resistance range to about lill 
on the high end and to a value 
that is within the amplifier's 
output drive limits on the low 
end. Metal film and carbon resistors will be satisfactory, 
but 
wirewound 
resistors (even "non-inductive" 
types) are abso- 
lutely 
unacceptable 
in high-frequency 
circuits. 
Feedback 
resistors 
should be placed directly between 
the output and 
the inverting 
input on the backside 
of the PC board. This 
placement 
allows 
for the shortest 
feedback 
path and the 
highest bandwidth. 
See the demonstration 
board layout at 


the end of the datasheet. A longer feedback path than this 
will decrease 
the realized bandwidth 
substantially. 


6) Due to the extremely high bandwidth of the OPA64 1, the 
SOIC package 
is strongly recommended 
due its low para- 
sitic impedance. 
The parasitic 
impedance 
in the PDIP and 
CERDIP packages causes the OPA641 to experience 
about 
5dB of gain peaking 
in unity-gain 
configurations. 
This is 
compared with virtually no gain peaking in the SOIC pack- 
age in unity-gain. The gain peaking in the PDIP and CERDIP 
packages 
is minimized 
in gains of 4 or greater, 
however. 


Surface mount components 
(chip resistors, 
capacitors, 
etc.) 
also have low lead inductance 
and are therefore 
strongly 
recommended. 


7) Avoid overloading 
the output. 
Remember 
that output 
current must be provided 
by the amplifier 
to drive its own 
feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


8) Don't 
forget 
that these 
amplifiers 
use ±5V 
supplies. 
Although 
they will operate 
perfectly 
well with +5V and 
-5.2V, 
use of ±15V supplies will destroy the part. 


9) Standard 
commercial 
test equipment 
has not been de- 
signed to test devices in the OPA64 1's speed range. Bench- 
top op amp testers and ATE systems will require a special 
test head to successfully 
test these amplifiers. 


10) Terminate 
transmission 
line loads. Unterminated 
lines, 
such as coaxial 
cable, can appear to the amplifier 
to be a 
capacitive 
or inductive 
load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 


11) Plug-in prototype boards and wire-wrap boards will not 
be satisfactory. 
A clean 
layout 
using 
RF techniques 
is 
essential; 
there are no shortcuts. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


If additional 
offset 
adjustment 
is needed, 
the circuit 
in 
Figure 
1 can be used without 
degrading 
offset drift with 
temperature. 
Avoid external adjustment 
whenever 
possible 


+vcc 
A, 


Rrrim 
20kn 


47kn 


-vcc J10~F R~ 
R,(1)=R,IIR, 


V1N or Ground 


Output Trim Range" 
+Vcc~ 
to -vcc ~ 
RTrim 
RTrim 


since extraneous 
noise, such as power supply noise, can be 
inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 
created 
by the amplifier's 
input bias currents. 
Whenever 
possible, 
match 
the impedance 
seen by both inputs 
as is 
shown with R3. This will reduce input bias current errors to 
the amplifier's 
offset current. 


INPUT PROTECTION 


Static damage has been well recognized 
for MOSFET 
de- 
vices, 
but any semiconductor 
device 
deserves 
protection 
from this potentially 
damaging 
source. The OPA641 incor- 
porates on-chip ESD protection diodes as shown in Figure 2. 
This eliminates the need for the user to add external protec- 
tion diodes, 
which 
can add capacitance 
and degrade 
AC 
performance. 


.v cc 
ESD Protection 
diodesintemaJly 


E~emal 
~ I 
~~~~~_t~:1 
PI~:emal 


PinI 
Circurtry 


-Vcc 


All pins on the OPA641 are internally protected 
from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about O.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 
present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, however, diode current should be externally 
lim- 
ited to IOmA or so whenever 
possible. 


The OPA641 
utilizes 
a fine geometry 
high speed process 


that withstands 
500V using Human Body Model and looV 
using 
the Machine 
Model. 
However, 
static 
damage 
can 
cause subtle changes in amplifier input characteristics 
with- 
out necessarily 
destroying 
the device. 
In precision 
opera- 
tional amplifiers, this may cause a noticeable degradation 
of 
offset voltage and drift. Therefore, static protection is strongly 
recommended 
when handling the OPA641. 


OUTPUT 
DRIVE CAPABILITY 


The OPA641 
has been optimized 
to drive 750. and lOOn 
resistive loads. The device can drive 2Vp-p into a 750. load. 
This high-output 
drive capability 
makes 
the OPA641 
an 
ideal choice for a wide range of RF, IF, and video applica- 
tions. In many cases, additional 
buffer amplifiers 
are un- 
needed. 
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Many 
demanding 
high-speed 
applications 
such 
as 
ADCIDAC 
buffers 
require 
op amps 
with low wideband 
output impedance. 
For example, 
low output impedance 
is 
essential when driving the signal-dependent 
capacitances 
at 
the inputs 
of flash AID converters. 
As shown in Figure 3, 


the OPA641 maintains 
very low closed-loop 
output imped- 
ance 
over frequency. 
Closed-loop 
output 
impedance 
in- 
creases with frequency 
since loop gain is decreasing 
with 
frequency. 
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THERMAL 
CONSIDERATIONS 


The OPA641 
does not require a heat sink for operation 
in 
most environments. 
At extreme temperatures 
and under full 
load conditions 
a heat sink may be necessary. 


The internal 
power 
dissipation 
is given by the equation 
Po = PDQ+ POL' where PDQis the quiescent power dissipa- 
tion and POLis the power dissipation 
in the output stage due 
to the load. 
(For ±Vcc = ±5V, 
PDQ = lOV x 24mA = 
24OmW, max). For the case where the amplifier is driving a 
grounded 
load (RJ 
with a DC voltage (±VOUT) the maxi- 
mum value of POLoccurs at ±VOUT = ±V cd2, and is equal 
to POL' max = (±V cc)2/4RL• 
Note that it is the voltage across 
the output transistor, 
and not the load, that determines 
the 
power dissipated 
in the output stage. 


The short-circuit 
condition represents the maximum amount 
of internal 
power 
dissipation 
that can be generated. 
The 
variation of output current with temperature 
is shown in the 
Typical Performance 
Curves. 


CAPACITIVE 
LOADS 


The OPA641's 
output stage has been optimized to drive low 
resistive loads. Capacitive 
loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 
peaking 
or oscillations. 
Capacitive 
loads greater than 5pF 
should be buffered by connecting a small resistance, usually 
5n to 25n, 
in series with the output as shown in Figure 4. 


This is particularly 
important when driving high capacitance 
loads such as flash AID converters. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
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cable 
(29pF/foot 
for RG-58) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance . 


COMPENSATION 


The OPA641 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
60°. However, 
the unity gain buffer is the most demanding 
circuit configu- 
ration for loop stability 
and oscillations 
are most likely to 
occur in this gain. If possible, use the device in a noise gain 
of two or greater to improve phase margin and reduce the 
susceptibility 
to oscillation. 
(Note 
that, 
from 
a stability 
standpoint, 
an inverting 
gain of -IVN 
is equivalent 
to a 
noise gain of 2.) Gain and phase response for other gains are 
shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA641 
in a good 
layout is very flat with frequency. 
However, 
some circuit 
configurations 
such as those where 
large feedback 
resis- 
tances are used, can produce high-frequency 
gain 
peaking. 
This 
peaking 
can 
be minimized 
by connecting 
a small 
capacitor in parallel with the feedback resistor. This capaci- 
tor compensates 
for the closed-loop, 
high frequency, transfer 
function zero that results from the time constant formed by 
the input capacitance 
of the amplifier (typically 2pF after PC 
board mounting), 
and the input and feedback resistors. The 
selected compensation 
capacitor 
may be a trimmer, 
a fixed 
capacitor, 
or a planned PC board capacitance. 
The capaci- 
tance 
value 
is strongly 
dependent 
on circuit 
layout 
and 
closed-loop 
gain. Using small resistor values will preserve 
the phase margin and avoid peaking 
by keeping 
the break 
frequency 
of this zero sufficiently 
high. When high closed- 
loop gains are required, 
a three-resistor 
attenuator 
(tee net- 
work) is recommended 
to avoid using large value resistors 
with large time constants. 


SETILING 
TIME 


Settling time is defined as the total time required, from the 
input 
signal 
step, 
for the output 
to settle 
to within 
the 
specified error band around the final value. This error band is 
expressed as a percentage of the value of the output transition, 
a 2V step. Thus. settling time to 0.01 % requires an error band 
of ±200~V 
centered around the final value of 2V. 


available. 
Settling time increases with closed-loop 
gain and 
output voltage change as described in the Typical Perform- 
ance Curves. Preserving 
settling time requires critical atten- 
tion to the details as mentioned under "Wiring Precautions." 
The amplifier 
also recovers 
quickly 
from input overloads. 
Overload 
recovery 
time to linear 
operation 
from a 50% 
overload is typically only 30ns. 


In practice, 
settling 
time measurements 
on the OPA641 
prove to be very difficult to perform. Accurate measurement 
is next to impossible 
in all but the very best equipped labs. 
Among other things, a fast flat-top generator and high speed 
oscilloscope 
are needed. Unfortunately, 
fast flat-top genera- 


tors, which settle to 0.01 % in sufficient time, are scarce and 
expensive. Fast oscilloscopes, 
however, are more commonly 


available. For best results, a sampling oscilloscope 
is recom- 
mended. 
Sampling 
scopes typically 
have bandwidths 
that 


are greater 
than 
IGHz and very low capacitance 
inputs. 


They also exhibit faster settling times in response to signals 
that would tend to overload 
a real-time 
oscilloscope. 


Figure 6 shows the test circuit used to measure settling time 
for the OPA641. 
This 
approach 
uses 
a 16-bit sampling 
oscilloscope 
to monitor the input and output pulses. These 


waveforms 
are captured 
by the sampling 
scope, averaged, 
and then subtracted 
from each other in software to produce 
the error signal. This technique 
eliminates 
the need for the 


traditional "false-sumrningjunction," 
which adds extra para- 


sitic capacitance. 
Note that instead of an additional flat-top 
generator, this technique uses the scope's built-in calibration 
source as the input signal. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DG) 
and Differential 
Phase 
(DP) 
are 


among the more important 
specifications 
for video applica- 


tions. DG is defined 
as the percent change in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop 
phase 


over the same output voltage change. Both DG and DP are 
specified 
at the NTSC sub-carrier 
frequency 
of 3.58MHz. 


DG and DP increase 
with 
closed-loop 
gain 
and output 


voltage transition. 
All measurements 
were performed 
using 


a Tektronix 
model VM700 Video Measurement 
Set. 


DISTORTION 
AND NOISE 


The OPA64 I 's harmonic 
distortion 
characteristics 
vs fre- 
quency and power output in the Typical Performance Curves. 
Distortion 
can be further improved 
by increasing 
the load 


resistance 
(refer 
to Figure 
5). Remember 
to include 
the 


contribution 
of the feedback resistance when calculating 
the 
effective load resistance 
seen by the amplifier. 


Although 
harmonic 
distortion 
may 
decrease 
with higher 
load resistances 
(i.e., higher feedback 
resistors), 
the effec- 
tive output noise will increase due to the higher resistance. 
Therefore, 
noise or harmonic 
distortion 
may be optimized 
by picking the appropriate 
feedback resistor. 
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The third-order intercept point is an important parameter 
for 
many 
RF 
amplifier 
applications. 
Figure 
6 shows 
the 


OPA64 I 's single-tone third-order intercept versus frequency. 
This curve is particularly 
useful for determining 
the magni- 
tude of the third harmonic 
as a function of frequency, 
load 
resistance, 
and gain. For example, 
assume that the applica- 


tion requires the OPA641 to operate in a gain of +2VN 
and 
drive 2Vp-p into lOOn at a frequency of 5MHz. Referring to 
Figure 6 we find that the intercept 
point is +38dBm. 
The 


magnitude 
of the third harmonic 
can now be easily calcu- 
lated from the expression: 


Third Harmonic 
(dBc) = 2(OPI3P - Po) 


where OPI3p 
= third-order 
output intercept, 
dBm 


Po = output level/tone, 
dBmltone 


For this case OPPP = 38dBm, Po = 7dBm, 
and the third 
harmonic = 2(38 - 7) = 62dB below the fundamental 
tone. 


The OP A641 's low IMD makes 
the device 
an excellent 
choice for a variety of RF signal processing 
applications. 


The value for the two-tone third-order 
intercept is typically 


6dB lower than the single-tone 
value. 
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FIGURE 6. Single-Tone 
Third-Order 
Intercept Point vs Fre- 


quency. 
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ENVIRONMENTAL 
(Q) SCREENING 


The OPA64 I voltage and current noise spectral densities are 
specified in the Typical Performance 
Curves. For RF appli- 
cations, however, 
Noise Figure (NF) is often the preferred 
noise specification 
since it allows system noise performance 
to be more easily calculated. The OPA64I's 
Noise Figure vs 
Source Resistance 
is shown in Figure 7. 
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SPICE 
MODELS 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 


This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. 
SPICE models are available 
for the OPA641. Contact Burr-Brown 
Applications 
Depart- 
ment to receive a spice diskette. 
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The inherent 
reliability 
of a semiconductor 
device is con- 
trolled by the design, materials and fabrication 
of the device 
-it 
cannot be improved 
by testing. 
However, 
the use of 
environmental 
screening can eliminate the majority of those 
units which would fail early in their lifetimes (infant mortal- 
ity) through the application 
of carefully selected accelerated 
stress levels. Burr-Brown 
"Q-Screening" 
provides 
environ- 
mental 
screening 
to our standard 
industrial 
products, 
thus 
enhancing reliability. The screening illustrated in the follow- 
ing table is performed 
to selected 
stress levels similar 
to 
those of MIL-STD-883. 
__ 


SCREEN 
METHOD 


Internal 
Visual 
Burr-Brown QC4118 


Stabilization 
Bake 
Temperature 
= 150°C, 24 hrs 


Temperature 
Cycling 
Temperature 
= --65"C to 150°C, 10 cycles 


Bum·ln Test 
Temperature 
= 125°C, 
160 hrs minimum 


Centrifuge 
20,000G 


Hermetic 
Seal 
Fine: He leak rate < 5 x 1xO-Satm eels, 30PSiG 
Gross: per Fluorocarbon 
bubble test, 60PSiG 


Electrical Tests 
As described 
in specifications 
tables. 


External 
Visual 
Burr-Brown QC5150 


Demonstration 
boards to speed prototyping 
are available. 
Refer to the DEM-OPA64X 
Datasheet 
for details. 


For Immediate Assistance, Contact YourLocal Salesperson 


APPLICATIONS 


o 


Video 
<$ 
Input 7 


SOO or 750 
Transmission 
Line 
I~ 


+ 
SOO or 750 


SOO 
OPA641 
~l 


or 
500 
750 
or 


AF 
750 


Differential 
4020 
Differential 
Input 
AG 
2000 
Output 
L~ 


AF 
~J 


4020 
SOO or 750 


Transmission 
Line 


OPA64 
+ 
SOO or 750 
SOO 
500 
or 
or 
750 
750 
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NOTE: (1) Select J,. J,and R,. 
R2 to set input stage current 
for 


optimum 
performance. 
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DEMO 
BOARD 
AVAILABLE 


See Appendix 
A 


Wideband 
Low Distortion 
OPERATIONAL 
AMPLIFIER 


• 
LOW DISTORTION: 
-95dBc 
at 5MHz 


• 
UNITY-GAIN 
BANDWIDTH: 
450MHz 


• 
UNITY-GAIN 
STABLE 


• 
HIGH OPEN 
LOOP GAIN: 95dB 


• 
HIGH COMMON 
MODE REJECTION: 
90dB 


• 
FAST 12-BIT SETTLING: 
13n8 (0.01%) 


• 
LOW NOISE: 2.3nV/& 


• 
HIGH OUTPUT 
CURRENT: 
±1)OmA 


• 
VERY 
LOW DIFF GAIN/PHASE 
ERROR: 
0.007%/0.0080 


The OPA642 is a voltage feedback operational 
ampli- 
fier featuring 
an unusual 
combination 
of high open 
loop gain and high bandwidth. 
The high open loop 
gain allows for minimal 
DC errors. The extra open 
loop gain at high bandwidths 
gives exceptionally 
low 
harmonic distortion. This makes the OPA642 compat- 
ible with high resolution 
and high dynamic 
range 
systems. It also offers fast settling time, low differen- 
tial gain and phase error, and high output current drive 
capability. 


• 
ADCIDAC 
GAIN AMPLIFIER 


• 
LOW DISTORTION 
COMMUNICATIONS 


• 
HIGH RESOLUTION 
IMAGING 


• 
MEDICAL 
IMAGING 


• 
LOW NOISE PREAMPLIFIER 


• 
HIGH CMR DIFFERENCE 
AMPLIFIER 


• 
VIDEO AMPLIFICATION 


• 
TEST INSTRUMENTATION 


• 
AUDIO AMPLIFICATION 


The OPA642 
is internally 
compensated 
for unity-gain 
stability. This amplifier has a fully symmetrical 
differ- 
ential input due to its "classical" 
operational 
amplifier 
circuit architecture. 
This allows the OPA642 to be used 
in all op amp applications 
requiring 
high speed 
and 
precision. 


Low distortion, low noise and high bandwidth make this 
amplifier 
suitable for a variety of RF, video, imaging 
and audio applications. 
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SPECIFICATIONS 


ELECTRICAL 
TA:: 
+25°C, Vs = ±5V, RL == 100n, CL = 2pF, RFB = 402Q and all four power supply pins are used unless otherwise 
noted. RFB= 250 for a gain of +1. 


OPA642H, 
P, U 
OPA642HSQ, 
PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
N 
'l:t 
OFFSET VOLTAGE 
CD 
Input Offset Voltage 
±1.5 
±4 
±O.5 
±1.0 
mV 
~ 
Average Drift 
4 
2 
~vrc 
HSQ Grade Over Temperature 
±2.0 
±4.0 
mV 
Power Supply Rejection 
Vs = ±4.5to 
±5.5V 
65 
85 
73 
95 
dB 
0 


INPUT BIAS CURRENT 
Input Bias Current 
VCM=OV 
25 
45 
~A 
Over Specified Temperature 
70 
~A 
HSQ Grade Over Temperature 
80 
~A 
Input Offset Current 
VCM=OV 
0.1 
2.0 
~A 
Over Specified Temperature 
0.5 
3.0 
~ 
en 
HSQ Grade Over Temperature 
1.0 
5.0 
~A 
a: 
NOISE 
W 
Input Voltage Noise 
u:: 
Noise Density: f = 100Hz 
8.6 
nVl,JHz 


f = 10kHz 
2.5 
nVl,JHz 
::::i 
f= 1MHz 
2.3 
nVl,JHz 
D. 


fs = 1MHz to 100MHz 
2.3 
nV/vHZ 
== 
Voltage Noise, BW = 100Hz to 100MHz 
23 
IlVrms 
<C 
Input Bias Current Noise Density 
f = 0.1MHz to 100MHz 
2.2 
pN,JHz 
...I 


Noise Figure 
<C 
Rs = lkn 
2.2 
dB 
Z 
Rs = 50n 
9.5 
dB 
0 
INPUT VOLTAGE 
RANGE 
~ 
Common-Mode 
Input Range 
±2.75 
±3.0 
V 
Over Temperature 
±2.5 
±2.75 
V 
a: 
Common-Mode 
Rejection 
VCM = ±0.5V 
65 
85 
80 
92 
dB 


INPUT IMPEDANCE 
W 
D. 


Differential 
15111 
kQ II pF 
0 
Common-Mode 
1.3111 
Mn II pF 


OPEN-LOOP 
GAIN 
Open-Loop 
Voltage Gain 
Vo = ±2V, RL = 1Qon 
80 
95 
85 
98 
dB 
Over Specified Temperature 
80 
90 
dB 


FREQUENCY 
RESPONSE 
All Four Supply Pins Used 
Closed Loop Response 
Gain = +1VN 
450 
MHz 
Gain = +2VN 
150 
MHz 
Gain"" +SVN 
45 
MHz 
Gain = +10VN 
21 
MHz 
Slew Rate(1) 
G = +1, 2V Step 
380 
V/~s 
At Minimum Specified Temperature 
G = +1, 2V Step 
340 
VI~s 
Settling Time: 0.003% 
G = +1, 1V Step 
20 
ns 
0.01% 
G = +1, 1V Step 
13 
ns 
0.1% 
G = +1, 1V Step 
11.5 
ns 
1% 
G = +1, 1V Step 
3.5 
ns 
Spurious Free Dynamic Range 
G = +1, f=5MHz 
92 
80 
95 
dBc 
Vo= 2Vp-p, RL = loon 
Differ. Gain Error at 3.58MHz, G = +2VN 
Vo=OVto 
lAV, 
RL= 150n 
0.007 
% 


Differ. Phase Error at 3.58MHz, 
G = +2VN 
Vo= OV to lAV, 
RL = 150n 
0.008 
degrees 


OUTPUT 
Current Output, +25°C 
±40 
±60 
±50 
±65 
mA 
Over Specified Temperature 
±35 
±55 
±40 
±60 
mA 
Voltage Output 
No Load 
Over Specified Temperature 
±3.0 
±3.5 
V 
Voltage Output 
RL= lOOn 
Over Specified Temperature 
±2.5 
±2.75 
V 
Short Circuit Current 
75 
mA 
Output Resistance 
0.1MHz, G = +1VN 
0.04 
n 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 


T. = +2S·C, Vs = ±sv, 
RL = 100n, CL = 2pF, Reo = 402!l 
and all four power supply pins are used unless otherwise 
noted. R.o = 2S0 fo a gain of +1. 


OPA642H, 
P, U 
OPA642HSQ, 
PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
Specified Operating Vollage 
TM1N to TMA)( 
±5 
V 


Operating Vollage Range 
TM1N to Tw.x 
±4.S 
±5.S 
V 
Quiescent Current 
TM1N to TMA)( 
±22 
±29 
mA 


TEMPERATURE 
RANGE 
Specification: 
H, P, U 
Ambient 
-40 
+8S 
·C 
HSQ 
Ambient 
-5S 
+12S 
"C 
Storage 
Ambient 
-55 
+150 
-SS 
+lS0 
·C 


Thermal Resistance 
9JA• Junction·to-Ambient 
·CIW 


P 
100 
·CIW 


U 
12S 
·CIW 
H 
100 
·CIW 


Basic Model Number 
~ 
Y (J> 
(Q) 


pa~~e8~:~idebraze 
D1P 
_ 
P = 8-pin Plastic DIP 
U - 8-pin Plastic SOIC 


Per10rmance Grade Code 
S = -SS·C to +12S·C 
Bill or No Letter = -40·C 
to +8S·C 


Reliability SCreening 
Q - Q-Screened 
(HSQ Model Only) 


NOTE: (1) The "B" Grade of the SOIC package will be mar1<edwith a "B" by Pin 
8. Refer to the mechanical section for the location. 


-Input 


+Input 


-Vs, 
4 


NOTE: (1) Making use of all four power supply pins is highly recommended, 
although 
not required. 
Using these four pins, instead 
of just pins 4 and 7, will 


lower the effective pin impedance and substantially 
lower distortion. 


Supply. 
. 
±S.SVDC 


Internal Power Oissipation(lj 
See Applications 
Information 
Differential 
Input Voltage 
. 
Total Vcc 


Input Voltage Range 
See Applications 
Information 
Storage Temperature 
Range: H, HSQ...... 
-5S·C 
to +15O·C 


P, PB, U, UB 
... -40"C 
to +12S·C 


Lead Temperature 
(soldering, 
1Os) 
. 
+3OO·C 


(soldering, 
SOiC 3s) 
... +260"C 


Junction Temperature 
(TJ) 
.•... 
... +17S·C 


NOTE: (1) Packages must be derated based on specified 9 JA. Maximum 
TJ 
must be observed. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl') 


OPA642H, 
HSQ 
8-Pin Sldebraze DIP 
lS7 


OPA642P, 
PB 
8-Pin DIP 
006 


OPA642U, 
UB 
8-Pin SOIC 
182 


A 
ELECTROSTATIC 


J.Ua. DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance 
degradation 
to complete 
device 
failure. 
Burr- 


Brown Corporation 
recommends 
that all integrated 
circuits 


be handled 
and stored using 
appropriate 
ESD protection 
methods. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


The information 
provfded 
herein Is believed 
to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's 
own risk. Prices 
and specifications 
are subject 
to change 
without 
notice. 
No patent 
rights or licenses 
to any of the circuits 
described 
herein are implied 
or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR·BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES (CONT) 


TA = +25°C, Vs = ±5V, RL• 
1000, CL = 2pF, RF• = 4020 
and all four power supply pins are used unless otherwise 
noted. RF• = 250 for a gain of +1. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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APPLICATIONS INFORMATION 


DISCUSSION 
OF PERFORMANCE 


The OPA642 
provides 
a level of speed and precision 
not 
previously 
attainable 
in monolithic 
form. 
Unlike 
current 
feedback 
amplifiers, 
the OPA642's 
design uses a "Classi- 
cal" operational 
amplifier architecture 
and can therefore be 
used in all traditional 
operational 
amplifier 
applications. 
While it is true that current feedback amplifiers can provide 
wider bandwidth 
at higher gains, they offer some disadvan- 
tages. 
The 
asymmetrical 
input 
characteristics 
of current 
feedback 
amplifiers 
(i.e. one input is a low impedance) 
prevents them from being used in a variety of applications. 
In addition, unbalanced inputs make input bias current errors 
difficult to correct. Cancelling offset errors due to input bias 
currents 
through 
matching 
of inverting 
and non-inverting 
input resistors is impossible 
because the input bias currents 
are uncorrelated. 
Current noise is also asymmetrical 
and is 
usually significantly 
higher on the inverting 
input. Perhaps 
most important, 
settling time to 0.01% is often extremely 
poor due to internal design tradeoffs. Many current feedback 
designs 
exhibit 
settling 
times 
to 0.01% 
in excess 
of 10 
microseconds 
even though 0.1 % settling times are reason- 
able. Such amplifiers 
are completely 
inadequate 
for fast 
settling 
12-bit applications. 


The OPA642's 
"Classical" 
operational 
amplifier 
architec- 
ture employs true differential 
and fully symmetrical 
inputs 
to eliminate 
these 
troublesome 
problems. 
All traditional 
circuit 
configurations 
and 
op amp 
theory 
apply 
to the 
OPA642. 


Supply bypassing 
is extremely 
critical and must always be 
used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum 
capacitors 
(2.2J.lF) 
with very short leads are recommended. 
A parallel O.OIJ.lF 
ceramic must also be added. Surface mount bypass capaci- 
tors will produce 
excellent 
results 
due to their low lead 
inductance. 
Additionally, 
suppression 
filters can be used to 
isolate noisy supply lines. 
Properly bypassed 
and modula- 
tion-free power supply lines allow full amplifier output and 
optimum 
settling time performance. 


Points 
to Remember 
~ 
I) Making use of all four power supply pins will lower the •••• 
effective 
power 
supply impedance 
seen by the input and 
output stages and improve 
the AC performance 
including 
lower 
distortion. 
The lowest distortion 
is achieved 
when 
running 
separated 
traces 
to VS1 and 
VS2' 
Power 
supply 
bypassing 
with 0.01J.lF and 2.2J.lF surface mount capacitors 
is recommended. 
It is essential to keep the O.OIJ.lFcapacitor 
very close to the power 
supply pins. Refer to the DEM- 
OPA64X Data Sheet for the recommended 
layout and com- 
ponent placements. 


2) Whenever 
possible, use surface mount. Don't use point- 
to-point wiring as the increase in wiring inductance 
will be 
detrimental to AC performance. 
However, if it must be used, 
very short, direct signal paths are required. The input signal 
ground return, the load ground return, and the power supply 
common should all be connected 
to the same physical point 
to eliminate ground loops, which can cause unwanted 
feed- 
back. 


3) Surface mount on backside 
of PC Board. Good compo- 
nent selection is essential. 
Capacitors 
used in critical loca- 
tions should be a low inductance 
type with a high quality 
dielectric 
material. 
Likewise, 
diodes used in critical 
loca- 
tions should be Schottky 
barrier 
types, such as HP5082- 
2835 for fast recovery 
and minimum 
charge storage. Ordi- 
nary diodes will not be suitable in RF circuits. 


4) Whenever 
possible, 
solder the OPA642 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 
capacitance 
and inductance, 
which can seriously 
degrade 
AC performance 
or produce oscillations. 


5) Use a small feedback resistor (usually 250) in unity-gain 
voltage follower applications 
for the best performance. 
For 
gain configurations, 
resistors 
used 
in feedback 
networks 
should have values of a few hundred ohms for best perfor- 
mance. 
Shunt 
capacitance 
problems 
limit 
the acceptable 
resistance range to about lill on the high end and to a value 
that is within the amplifier's 
output drive limits on the low 
end. Metal film and carbon resistors will be satisfactory, 
but 
wirewound 
resistors (even "non-inductive" 
types) are abso- 
lutely 
unacceptable 
in high-frequency 
circuits. 
Feedback 
resistors 
should be placed directly between 
the output and 
the inverting 
input on the backside 
of the PC board. This 
placement 
allows 
for the shortest 
feedback 
path and the 
highest bandwidth. 
Refer to the demonstration 
board layout 
at the end of the data sheet. A longer 
feedback 
path 
than 
this will decrease 
the realized 
bandwidth 
substantially. 


WIRING 
PRECAUTIONS 


Maximizing 
the OPA642's 
capability 
requires some wiring 
precautions 
and high-frequency 
layout techniques. 
Oscilla- 
tion, ringing, poor bandwidth and settling, gain peaking, and 
instability 
are 
typical 
problems 
plaguing 
all high-speed 
amplifiers 
when they are improperly 
used. In general, 
all 
printed circuit board conductors 
should be wide to provide 
low resistance, 
low impedance 
signal paths. They should 
also be as short as possible. 
The entire 
physical 
circuit 
should be as small as practical. Stray capacitances 
should be 
minimized, 
especially 
at high impedance 
nodes, such as the 
amplifier's 
input terminals. 
Stray signal coupling 
from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) 
to minimize 
lead inductance, 
and low values 
of 
resistance should be used. This will minimize time constants 
formed 
with 
the circuit 
capacitances 
and will 
eliminate 
stray, parasitic circuits. 


Grounding 
is the most important 
application 
consideration 
for the OPA642, 
as it is with all high-frequency 
circuits. 
Oscillations 
at high frequencies 
can easily occur if good 
grounding 
techniques 
are not used. A heavy ground plane 
(20z copper recommended) 
should connect all unused areas 
on the component 
side. Good ground planes can reduce stray 
signal 
pickup, 
provide 
a low resistance, 
low inductance 
common return path for signal and power, and can conduct 
heat from active circuit package 
pins into ambient 
air by 
convection. 
BURR-BROWNe 
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recommended. 
Cucuits using all surface mount components 
with the OPA642U 
(SOIC package) 
will offer the best AC 
performance. 
The parasitic package inductance 
and capaci- 
tance for the SOIC is lower than the both the Cerdip and 8- 
lead Plastic DIP. 


7) Avoid overloading 
the output. 
Remember 
that output 
current must be provided 
by the amplifier to drive its own 
feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


8) Don't 
forget 
that these 
amplifiers 
use ±5V 
supplies. 
Although 
they will operate 
perfectly 
well with +5V and 
-5.2V, 
use of ±15V supplies will destroy the part. 


9) Standard 
commercial 
test equipment 
has not been de- 
signed to test devices in the OPA642's 
speed range. Bench- 
top op amp testers and ATE systems will require a special 
test head to successfully 
test these amplifiers. 


10) Terminate 
transmission 
line loads. Unterminated 
lines, 
such as coaxial cable, can appear to the amplifier 
to be a 
capacitive 
or inductive 
load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 


11) Plug-in prototype boards and wire-wrap boards will not 
be 
satisfactory. 
A clean 
layout 
using 
RF techniques 
is 
essential; 
there are no shortcuts. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


If additional 
offset 
adjustment 
is needed, 
the circuit 
in 
Figure 
1 can be used without 
degrading 
offset drift with 
temperature. 
Avoid external adjustment 
whenever 
possible 
since extraneous 
noise, such as power supply noise, can be 
inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 
created 
by the amplifier's 
input bias currents. 
Whenever 
possible, 
match the impedance 
seen by both inputs 
as is 
shown with R,. This will reduce input bias current errors to 
the amplifier's 
offset current. 


Output Trim Range 
== +VCC~ 
to 
-Vcc 
R2 
Rrrim 
Rrrim 


NOTE: 
(1) R3is optional and can be used to cancel offset errors dueto 
input 


bias 
curren 
Is. 


vices, 
but any semiconductor 
device 
deserves 
protection 
from this potentially 
damaging 
source. The OPA642 incor- 
porates on-chip ESD protection diodes as shown in Figure 2. 
This eliminates the need for the user to add external protec- 
tion diodes, 
which 
can add capacitance 
and degrade 
AC 
performance. 


+v cc 
ESD Protection 
diodes 
internally 


E~ernal 
~ 
~:~~:d_t::1 
PI~n:ernal 


PinI 
Circuitry 


-Vcc 


All pins on the OPA642 are internally protected 
from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about 0.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 
present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, however, diode current should be externally 
lim- 
ited to 10mA or so whenever 
possible. 


The OPA642 
utilizes 
a fine geometry 
high speed process 
that withstands 
500V using the Human 
Body Model 
and 
lOOV using the Machine 
Model. 
However, 
static damage 
can cause subtle changes 
in amplifier 
input characteristics 


without necessarily 
destroying 
the device. In precision 
op- 
erational amplifiers, this may cause a noticeable degradation 
of offset voltage 
and drift. Therefore, 
static protection 
is 
strongly recommended 
when handling 
the OPA642. 


OUTPUT 
DRIVE CAPABILITY 


The OPA642 
has been optimized 
to drive 750. and lOOn 
resistive loads. The device can drive 2Vp-p into a 750. load. 
This high-output 
drive capability 
makes 
the OP A642 
an 
ideal choice for a wide range of RF, IF, and video applica- 
tions. In many cases, additional 
buffer amplifiers 
are un- 
needed. 


Many 
demanding 
high-speed 
applications 
such 
as 


ADCIDAC 
buffers 
require 
op amps with low wideband 
output impedance. 
For example, 
low output impedance 
is 


essential when driving the signal-dependent 
capacitances 
at 
the inputs 
of flash AID converters. 
As shown in Figure 3, 
the OPA642 maintains 
very low closed-loop 
output imped- 
ance 
over 
frequency. 
Closed-loop 
output 
impedance 
in- 
creases 
with frequency 
since loop gain is decreasing 
with 
frequency. 
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THERMAL 
CONSIDERATIONS 


The OPA642 
does not require a heat sink for operation 
in 
most environments. 
At extreme temperatures 
and under full 
load conditions 
a heat sink may be necessary. 


The internal 
power 
dissipation 
is given 
by the equation 
PD= PDQ+ PDL'where PDQis the quiescent power dissipation 
and PDLis the power dissipation in the output stage due to the 
load. (For±Vcc=±5V, 
PDQ= JOV x 27mA = 270mW, max). 


For the case where the amplifier is driving a grounded load 
(RL) with a DC voltage (±V OUT) the maximum 
value of PDL 
occurs 
at 
±V OUT 
= ±Veel 
2, 
and 
is 
equal 
to 
PDL' 
max 
= (±Vee)2 14RL. Note that it is the voltage across the 
output transistor, and not the load, that determines the power 
dissipated 
in the output stage. 


A short-circuit 
condition represents the maximum amount of 
internal power dissipation 
that can be generated. 
The varia- 
tion of output current with temperature 
is shown in Figure 4. 
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CAPACITIVE 
LOADS 


The OPA642's 
output stage has been optimized to drive low 
resistive loads. Capacitive loads, however, will decrease the 


amplifier's 
phase margin which may cause high frequency 
peaking 
or oscillations. 
Capacitive 
loads greater than 2pF 
should be buffered by connecting 
a small resistance, 
usually 
100 to 350, in series with the output as shown in Figure 5. 
This is particularly 
important when driving high capacitance 
loads such as flash AID converters. Increasing the Gain from 
+I will improve the capacitive 
load drive due to increased 
phase margin. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot for RG-58) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


COMPENSATION 


The OPA642 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
60°. However, 
the unity gain buffer is the most demanding 
circuit configu- 


ration for loop stability and oscillations 
are most likely to 
occur in this gain. If possible, use the device in a noise gain 
of two or greater to improve phase margin and reduce the 
susceptibility 
to oscillation. 
(Note 
that, 
from 
a stability 
standpoint, 
an inverting 
gain of -IVN 
is equivalent 
to a 
noise gain of 2.) Gain and phase response for other gains are 
shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA642 
in a good 
layout is 
very flat with frequency. 
However, 
some circuit 
configurations 
such as those where 
large feedback 
resis- 
tances are used, can produce high-frequency 
gain 
peaking. 


This 
peaking 
can be minimized 
by connecting 
a small 
capacitor in parallel with the feedback resistor. This capaci- 
tor compensates 
for the closed-loop, 
high frequency, transfer 
function zero that results from the time constant formed by 
the input capacitance of the amplifier (typically 2pF after PC 
board mounting), 
and the input and feedback resistors. The 
selected compensation 
capacitor may be a trimmer, a fixed 
capacitor, 
or a planned PC board capacitance. 
The capaci- 
tance 
value is strongly 
dependent 
on circuit 
layout 
and 
closed-loop 
gain. Using small resistor values will preserve 
the phase margin and avoid peaking 
by keeping 
the break 
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frequency 
of this zero sufficiently 
high. When high closed- 
loop gains are required, 
a three-resistor 
attenuator 
(tee net- 
work) is recommended 
to avoid using large value resistors 
with large time constants. 


SETTLING 
TIME 


Settling time is defined as the total time required, 
from the 
input 
signal 
step, 
for the output 
to settle 
to within 
the 
specified error band around the final value. This error band 
is expressed 
as a percentage 
of the value 
of the output 
transition, 
a 2V step. Thus, settling time to 0.01 % requires 
an error band of ±200IlV centered around the final value of 
2V. 


Settling time, specified in an inverting gain of one, occurs in 
only 15ns to 0.01 % for a 2V step, making the OPA642 one 
of the fastest 
settling 
monolithic 
amplifiers 
commercially 
available. Settling time increases with closed-loop 
gain and 
output voltage change as described in the Typical Perform- 
ance Curves. Preserving 
settling time requires critical atten- 


tion to the details as mentioned under "Wiring Precautions." 
The amplifier 
also recovers 
quickly 
from input overloads. 
Overload 
recovery 
time to linear 
operation 
from a 50% 
overload is typically 
only 9Ons. 


In practice, 
settling 
time measurements 
on the OPA642 
prove to be very difficult to perform. Accurate measurement 
is next to impossible 
in all but the very best equipped 
labs. 


Among other things, a fast flat-top generator and high speed 
oscilloscope 
are needed. Unfortunately, 
fast flat-top genera- 
tors, which settle to 0.0 I% in sufficient time, are scarce and 
expensive. Fast oscilloscopes, 
however, are more commonly 
available. For best results a sampling oscilloscope 
is recom- 
mended. 
Sampling 
scopes typically 
have bandwidths 
that 
are greater 
than 
IGHz 
and very low capacitance 
inputs. 
They also exhibit faster settling times in response to signals 
that would tend to overload 
a real-time 
oscilloscope. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DG) 
and Differential 
Phase 
(DP) 
are 
among the more important 
specifications 
for video applica- 
tions. DG is defined 
as the percent change in closed-loop 
gain over a specified change in output voltage level. DP is 
defmed as the change in degrees of the closed-loop 
phase 
over the same output voltage change. Both DG and DP are 
specified 
at the NTSC 
sub-carrier 
frequency 
of 3.58MHz 
and the PAL subcarrier 
of 4.43MHz. 
All NTSC measure- 
ments were performed 
using a Tektronix 
model VM700A 
Video Measurement 
Set. 


DG and DP of the OPA642 were measured with the ampli- 
fier in a gain of +2VN 
with 75Q input impedance 
and the 
output back-terminated 
in 75Q. The input signal selected 
from the generator 
was a OV to 1.4V modulated 
ramp with 
a sync pulse. 


With these conditions 
the test circuit 
shown in Figure 
6 
delivered a lOOIRE modulated ramp to the 75Q input of the 
video analyzer. The signal averaging feature of the analyzer 
was used to establish a reference 
against which the perfor- 


mance of the amplifier was measured. Signal averaging was 
also used to measure 
the DG and DP of the test signal in 
order to eliminate 
the generator's 
contribution 
to measured 
amplifier performance. 
Typical performance 
of the OPA642 
is 0.007% differential 
gain and 0.0080 differential 
phase to 
both NTSC and PAL standards. 
Increasing 
the closed loop 
gain degrades 
the DP and DG. 


FIGURE 
6. Differential 
Gain and Differential 
Phase Test 
Circuit. 


The OPA642's 
Harmonic 
Distortion 
characteristics 
into a 
lOOQ load are shown vs frequency 
and power output in the 
Typical Performance 
Curves. Distortion 
can be further im- 
proved 
by increasing 
the load resistance 
as illustrated 
in 
Figure 
7. Remember 
to include 
the contribution 
of the 
feedback 
resistance 
when calculating 
the effective 
load re- 
sistance seen by the amplifier. 
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The third-order 
intercept point is an important parameter for 
many RF amplifier applications. Figure 8 shows the OPA642' s 
single tone, third-order 
1M Intercept 
vs Frequency. 
This 


curve is particularly 
useful for determining 
the magnitude of 
the third 
harmonic 
as a function 
of frequency 
and load 
resistance. For example, assume that the application requires 
the OPA642 to operate in a gain of +IVN 
and drive 2Vp- 
p into son at a frequency 
of SMHz. Referring to Figure 8, 


we find that the intercept point is +S8dBm. The magnitude 
of the third harmonic can now be easily calculated 
from the 
expression: 


Third Harmonic 
(dBc) = 2(OPPP - Po) 


where OPPP 
= third-order 
output intercept, 
dBm 
Po = output level, dBm 


For this case OPPP = S8dBm, Po = 1000m, 
and the third 
harmonic = 2(S8 - 10) = 96dB below the fundamental. 
The 
OPA642's 
low distortion 
makes 
the device 
an excellent 
choice for a variety of RF signal processing 
applications. 
The two-tone 
third-order 
intercept 
point is approximately 
8dB lower than the single tone intercept. 


80 


E 
70 
lD~ 
li 
'"~ 
$ 
60 
.E 


iP 
"E0 
"E 
50 
:c 
>- 


, 
, 


G = +1. RL• son 


-- 
---- ~ 
" 


10M 


Frequency (Hz) 


The OPA642 voltage and current noise spectral densities are 
specified in the Typical Performance 
Curves. For RF appli- 


cations, however, 
Noise Figure (NF) is often the preferred 
noise specification 
since it allows system noise performance 
to be more easily calculated. The OPA642's 
Noise Figure vs 
Source Resistance 
is shown in Figure 9. 
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SPICE MODELS 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 
This is particularly 
true for Video and RF amplifier circuits 


where parasitic capacitance 
and inductance can have a major 


effect on circuit performance. 
SPICE models are available 


for the OPA642. Contact Burr-Brown 
Applications 
Depart- 
ment to receive a spice diskette. 


ENVIRONMENTAL 
(Q) SCREENING 


The inherent 
reliability 
of a semiconductor 
device is con- 
trolled by the design, materials and fabrication 
of the device 
-it 
cannot be improved 
by testing. 
However, 
the use of 
environmental 
screening can eliminate the majority of those 
units which would fail early in their lifetimes (infant mortal- 
ity) through the application 
of carefully selected accelerated 


stress levels. Burr-Brown 
"Q-Screening" 
provides 
environ- 
mental screening 
to our standard 
industrial 
products, 
thus 


enhancing reliability. The screening illustrated in the follow- 
ing table is performed 
to selected 
stress levels similar 
to 
those of MIL-STD-883. 


SCREEN 
METHOD 


Internal 
Visual 
Burr-Brown QC4118 


Stabilization 
Bake 
Temperature 
= 150°C, 
24 hrs 


Temperature 
Cycling 
Temperature 
= -65°C 
to 150°C. 10 cycles 


Burn-In 
Test 
Temperature:: 
125°C, 
160 hrs minimum 


Centrifuge 
20.000G 


Hermetic 
Seal 
Fine: He leak rate < 5 x 10'" aim eels, 30PSiG 
Gross: per Fluorocarbon 
bubble test. 60PSiG 


Electrical 
T esls 
As described 
in specifications 
tables. 


External 
Visual 
Burr-Brown QC5150 


Demonstration 
boards 
to speed prototyping 
are available. 


Refer to the DEM-OPA64x 
Datasheet 
for details. 


~ 


Video 
~ 
Input 7 


OPA642 output current drive capability (2Vp-p into 750) 
allows two back-terminated 
750 
transmission 
lines 


to be simultaneously 
driven. 


c, 


~ 
1000pF 
te 
= lMHz 
BW = 20kHz at -3dB 
Q 
=50 
NOTE: (1) Select J,. J,and R,o 
Rz to set input stage 
current 
for 


optimum 
performance. 


L~ 


~~o~l 
750 


Differential 
Outpu1 
~J 
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RF 
4020 
4020 
N 
~(0 
4020 
~ 
RG 
8060 
RF 
4020 
0 


4020 


High Speed 
12-,14-, or 16-Bit 
ADC 


Single- 


~ 
Ended 
,q Output 


FIGURE 
16. Low Distortion 
Gain Amplifier 
for ADCs 
(G=-2VN). 


Digital 
Data 
In 
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In 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
'1:11:1' 


BURR - BROWN® 
IElElI 


DEMO BOARD AVAILABLE 


See Appendix A 


Wideband 
Low Distortion 
OPERATIONAL 
AMPLIFIER 


• 
LOW DISTORTION: 
-90dBc 
at 5MHz 


• 
LOW NOISE: 
1.8nVl..fHi 


• 
GAIN-BANDWIDTH: 
1.5GHz 


• 
STABLE 
IN GAINS 
~ 5 


• 
HIGH SLEW 
RATE: 
1000VlJlS 


• 
HIGH OPEN LOOP GAIN: 
95dB 


• 
HIGH COMMON-MODE 
REJECTION: 
90dB 


• 
FAST 12-BIT 
SETTLING: 
21ns (0.01%) 


• 
LOW DIFFERENTIAL 
GAIN/PHASE 
ERROR: 
0.005%/0.0150 


• 
ADC/DAC 
GAIN AMPLIFIER 


• 
LOW DISTORTION 
COMMUNICATIONS 


• 
HIGH RESOLUTION 
IMAGING 


• 
MEDICAL 
IMAGING 


• 
LOW NOISE PREAMPLIFIER 


• 
VIDEO AMPLIFICATION 


• 
TEST INSTRUMENTATION 


• 
AUDIO 
AMPLIFICATION 


The OPA643 is a voltage feedback operational 
ampli- 


fier 
featuring 
an 
unusual 
combination 
of 
high 
open-loop 
gain and high bandwidth. 
The high open 
loop gain allows 
for minimal 
DC errors. The extra 
open-loop gain at high bandwidths gives exceptionally 
low harmonic 
distortion. 
This 
makes 
the OPA643 
compatible 
with high resolution 
and high dynamic 
range 
systems. 
It also offers fast settling 
time, low 
differential 
gain 
and phase 
error, 
and high 
output 
current drive capability. 


The OPA643 is internally compensated 
for stability in 
gains 
of 5 or greater. 
This 
amplifier 
has 
a fully 


symmetrical 
differential 
input due to its "classical" 


operational 
amplifier circuit architecture. 
This allows 


the OPA643 
to be used in all op amp applications 
requiring 
high speed and precision. 


Low distortion, low noise, and high linearity make this 
amplifier 
suitable for RF, video, imaging, 
and audio 
applications. 


-v, 


International 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO 80.11400 
• 
Tucson, AZ 85734 
• 
Street Address: 
6730 S. Tucson Blvd. 
• 
Tucson, 
AZ 85706 
Tel: (520) 746-1111 
• 
Twx: 91ll-952-1111 
• 
Cable: BBRCORP 
• 
Tele.: 
_91 
• 
FAX: (520) 889-1510 
• 
Immediate Product Info: (BOO) 548-6132 
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OPA643H, 
P, U 
OPA643HSQ, 
PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
±2.5 
±4 
±0.5 
±1.5 
mV 
Average 
Drift 
5 
3 
"vrc 
HSQ Grade Over Temperature 
±2.5 
±5 
mV 
Power Supply Rejection (+Vs) 
Vs = ±4.5 to ±5.5V 
65 
85 
70 
dB 


INPUT BIAS CURRENTl') 
Input Bias Current 
VCM = OV 
19 
30 
I!A 


Over 
Specified 
Temperature 
24 
40 
"A 
HSQ Grade Over Temperature 
2.5 
40 
I!A 


Input Offset Current 
VCM = OV 
0.1 
2.0 
I!A 
Over Specified Temperature 
0.5 
3.0 
I!A 
HSQ Grade Over Temperature 
1.0 
5.0 
I!A 


NOISE 
Input Voltage Noise 
Noise 
Density: 
f = 1DOHz 
10.3 
nV/.JHz 


f = 10kHz 
1.9 
nV/.JHz 


f= 
1MHz 
1.8 
nV/.JHz 


fa = 1MHz to 100MHz 
1.8 
nV/.JHz 
Voltage Noise, BW = 100Hz to 100MHz 
18 
j.1Vrms 
Input Bias Current 
Noise 
Current Noise Density, f = 0.1 Hz to 20kHz 
2.4 
pN-IHz 


Noise Figure 
Rs = 1kn 
1.6 
dB 
Rs = 50n 
7.0 
dB 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±2.75 
±3.0 
V 
Over 
Specified 
Temperature 
±2.5 
±3.0 
V 
Common-Mode 
Rejection 
VCM = ±0.5V 
65 
85 
80 
92 
dB 


INPUT IMPEDANCE 
Differential 
15111 
kn II pF 
Common-Mode 
81i'1 
Mn'ilpF 


OPEN·LOOP 
GAIN 
Open-Loop 
Voltage Gain 
Va = ±2V, RL = lOOn 
82 
95 
87 
dB 
Over 
Specified 
Temperature 
Va = ±2V, RL = loon 
80 
90 
82 
dB 


FREQUENCY 
RESPONSE, 
RFa = 402n 
All Four Power 
Pins Used 
Closed-Loop 
Bandwidth 
Gain = +5VN 
300 
MHz 
Gain = +10VN 
112 
MHz 
Gain = +20VN 
47 
MHz 
Slew 
Rate(1) 
G = +5, 2V Step 
1000 
V/"s 


At Minimum 
Specified 
Temperature 
G = +5, 2V Step 
920 
V/"s 


settling 
Time: 0.003% 
G = +5, 2V Step 
60 
ns 


0.01"10 
G = +5, 2V Step 
21 
ns 


0.1"10 
G = +5, 2V Step 
16.5 
ns 


1"10 
G = +5, 2V Step 
7.5 
ns 
Spurious 
Free Dynamic 
Range 
G = +5, f - 5MHz 
90 
80 
90 
dBc 
Vo = ±2Vp-p, 
RL = lOOn 
Differential 
Gain Error at 3.58MHz 
G = +5VN, 
Vo= OV to l.4V, 
RL = 150n 
0.005 
"10 


Differential 
Phase 
Error at 3.58MHz 
G = +5VN, 
Vo= OV to l.4V, 
RL = 150n 
0.Q15 
degrees 


OUTPUT 
Voltage Output 
No Load 
Over 
Specified 
Temperature 
±3.0 
±3.25 
V 
Voltage Output, +25·C 
RL = 100n 
Over 
Specified 
Temperature 
±2.5 
±2.75 
V 
Current Output, +25·C 
±40 
±BO 
±50 
±65 
mA 
Over 
Specified 
Temperature 
±35 
±50 
±40 
mA 
Output 
Resistance 
lMHz, 
G = +5VN 
0.Q35 
n 


POWER SUPPLY 
Specified Operating 
Voltage 
±5 
V 
Operating 
Voltage Range 
±4.5 
±5.5 
V 


Quiescent 
Current 
±22 . 
±27 
mA 
Over 
Specified 
Temperature 
±23 
±29 
mA 


TEMPERATURE 
RANGE 
Specification: 
H, P, U 
Ambient 
--40 
+85 
·C 
HSQ 
Ambient 
-55 
+125 
·C 
Thermal 
Resistance 
8JA• Junction to Ambient 
P 
120 
·CIW 


U 
170 
·CIW 
H 
120 
·eIW 
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jjastc 
Moael 
Numoer 
Package Code 
H = B-pin Sidebraze 
DIP 
P = B-pin Plastic DIP 
U = B-pin Plastic SOIC 
Performance 
Grade 
Code 
S = -55'C 
to +125'C 
B(l) or No Letter = -40°C 
to +85°C 


Reliability 
Screening 
Q = Q-Screened 
(HSQ Model Only) 


Inverting 
Input 


Non-Inverting 
Input 


NOTE: (1) Making use of all four power supply pins is highly recommended, 
although not required. Using these four pins. instead of just pins 4 and 7, will 
lower the effective 
pin impedance 
and sUbstantially 
lower distortion. 


Internal 
Power 
Dissipation(1) 
See Applications 
Information 


Differential 
Input Voltage 
Total Vcc 
Input Voltage 
Range 
See Applications 
Information 


Storage 
Temperature 
Range: 
H, HSQ.. 
. -65°C 
to +150°C 
P, PB, U, UB.... 
. 
-40'C 
to +125'C 


Lead Temperature 
(soldering, 
10s) 
+300°C 
(soldering, 
SOIC 3s) 
+260'C 


Junction Temperature 
(T J ) 
. + 175°C 


NOTE: (1) Packages 
must be derated 
based 
on specified 
8 JA. 
Maximum 
TJ must be observed. 


MODEL 


OPA643H, 
HSQ 
OPA643P, 
PB 
OPA643U, 
UB 


B-Pin Cerdip 
B-Pin DIP 
B-Pin SOIC 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 
fications. 


The information provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility for inaccuracies 
or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 
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APPLICATIONS INFORMATION 


DISCUSSION 
OF PERFORMANCE 


The OPA643 
provides 
a level of speed and precision 
not 
previously 
attainable 
in monolithic 
form. 
Unlike 
current 
feedback 
amplifiers, 
the OPA643's 
design uses a "Classi- 
cal" operational 
amplifier architecture 
and can therefore be 


used in all traditional 
operational 
amplifier 
applications. 


While it is true that current feedback amplifiers can provide 
wider bandwidth 
at higher gains, they offer some disadvan- 
tages. 
The 
asymmetrical 
input 
characteristics 
of current 
feedback 
amplifiers 
(i.e., one input is a low impedance) 


prevents them from being used in a variety of applications. 
In addition, unbalanced inputs make input bias current errors 
difficult to correct. Cancelling offset errors (due to input bias 
currents) 
through 
matching 
of inverting 
and non-inverting 
input resistors is impossible 
because the input bias currents 
are uncorrelated. 
Current noise is also asymmetrical 
and is 


usually significantly 
higher on the inverting input. Perhaps 


most important, 
settling time to 0.01% is often extremely 


poor due to internal design tradeoffs. Many current feedback 
designs 
exhibit 
settling 
times 
to 0.01 % in excess 
of 10 
microseconds 
even though 0.1 % settling times are reason- 
able. Such 
amplifiers 
are completely 
inadequate 
for fast 


settling 
12-bit applications. 


The OPA643's 
"Classical" 
operational 
amplifier 
architec- 
ture employs 
true differential 
and fully symmetrical 
inputs 
to eliminate 
these 
troublesome 
problems. 
All traditional 


circuit 
configurations 
and 
op amp 
theory 
apply 
to the 
OPA643. 


WIRING 
PRECAUTIONS 


Maximizing 
the OPA643's 
capability 
requires some wiring 
precautions 
and high-frequency 
layout techniques. 
Oscilla- 
tion, ringing, poor bandwidth and settling, gain peaking, and 
instability 
are 
typical 
problems 
plaguing 
all high-speed 
amplifiers 
when they are improperly 
used. In general, 
all 
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printed circuit board conductors 
should be wide to provide 
low resistance, 
low impedance 
signal paths. They should 
also be as short 
as possible. 
The entire 
physical 
circuit 


should be as small as practical. Stray capacitances 
should be 


minimized, 
especially 
at high impedance 
nodes, such as the 
amplifier's 
input terminals. 
Stray signal coupling 
from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) 
to minimize 
lead inductance, 
and low values 
of 
resistance should be used. This will minimize time constants 
formed 
with 
the circuit 
capacitances 
and will 
eliminate 


stray, parasitic circuits. 


Grounding 
is the most important 
application 
consideration 
for the OPA643, 
as it is with all high-frequency 
circuits. 


Oscillations 
at high frequencies 
can easily 
occur if good 
grounding 
techniques 
are not used. A heavy ground plane 


(2 oz. copper 
recommended) 
should 
connect 
all unused 
areas 
on the component 
side. 
Good 
ground 
planes 
can 
reduce 
stray signal pickup, 
provide 
a low resistance, 
low 
inductance 
common 
return path for signal and power, and 
can 
conduct 
heat 
from 
active 
circuit 
package 
pins 
into 
ambient air by convection. 


Supply bypassing 
is extremely 
critical and must always be 
used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
power supply leads should be bypassed to ground as close as 
possible 
to the amplifier pins. Tantalum 
capacitors 
(2.2J.lF) 


with very short leads are recommended. 
A parallel 0.01J.lF 
ceramic must also be added. Surface-mount 
bypass capaci- 
tors will produce 
excellent 
results 
due to their low lead 
inductance. 
Additionally, 
suppression 
filters can be used to 
isolate noisy supply lines. 
Properly bypassed 
and modula- 
tion-free power supply lines allow full amplifier output and 
optimum 
settling time performance. 
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Points 
to Remember 


I) Making use of all four power supply pins will lower the 
effective pin impedance 
seen by the input and output stages. 
This will improve 
the AC performance 
including 
lower 
distortion. 
The lowest distortion is achieved when running 
separated 
traces to VSI and VS2. Power supply bypassing 
with O.OllJP and 2.2lJP surface mount capacitors 
is recom- 
mended. 
It is essential 
to keep the O.OllJP capacitor 
very 
close to the power supply pins. Refer to the demonstration 
board 
figure 
at the end of the data sheet for the recom- 
mended layout and component 
placements. 


2) Whenever 
possible, use surface mount. Don't 
use point- 
to-point wiring as the increase in wiring inductance 
will be 
detrimental to AC performance. 
However, if it must be used, 


very short, direct signal paths are required. The input signal 
ground return, the load ground return, and the power supply 
common should all be connected to the same physical point 
to eliminate 
ground 
loops, 
which 
can 
cause 
unwanted 
feedback. 


3) Surface mount on backside 
of PC Board. Good compo- 
nent 
selection 
is essential. 
Capacitors 
used 
in critical 
locations should be a low inductance type with a high quality 
dielectric 
material. 
Likewise, 
diodes 
used 
in critical 
locations should be Schottky barrier types, such as HP5082- 
2835 
for 
fast 
recovery 
and 
minimum 
charge 
storage. 


Ordinary 
diodes will not be suitable in RF circuits. 


4) Whenever 
possible, solder the OPA643 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 
capacitance 
and inductance, 
which can seriously 
degrade 
AC performance 
or produce oscillations. 


5) Use a small feedback resistor (usually 250) in unity-gain 
voltage follower applications 
for the best performance. 
For 
gain configurations, 
resistors 
used in feedback 
networks 
should have values of a few hundred ohms for best perfor- 
mance. 
Shunt 
capacitance 
problems 
limit the acceptable 
resistance range to about lill 
on the high end and to a value 
that is within the amplifier's 
output drive limits on the low 
end. Metal film and carbon resistors will be satisfactory, 
but 
wirewound 
resistors (even "non-inductive" 
types) are abso- 
lutely 
unacceptable 
in high-frequency 
circuits. 
Feedback 
resistors 
should be placed directly between 
the output and 
the inverting 
input on the backside 
of the PC board. This 
placement 
allows 
for the shortest 
feedback 
path and the 
highest bandwidth. 
A longer 
feedback 
path than this will 
decrease 
the realized 
bandwidth 
substantially. 
Refer to 
the demonstration 
board layout at the end of the data sheet. 


6) Surface-mount 
components 
(chip resistors, 
capacitors, 


etc.) have low lead inductance 
and are therefore 
strongly 
recommended. 
Circuits using all surface-mount 
components 


with the OPA643U 
(SOIC package) 
will offer the best AC 
performance. 
The parasitic package impedance for the SOIC 
is lower than the both the Cerdip and 8-lead Plastic DIP. 


7) Avoid overloading 
the output. 
Remember 
that output 
current must be provided 
by the amplifier 
to drive its own 
feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


8) Don't 
forget 
that these 
amplifiers 
use ±5V 
supplies. 


Although 
they will operate 
perfectly 
well with +5V and 
-5.2V, 
use of ±15V supplies will destroy the part. 


9) 
Standard 
commercial 
test 
equipment 
has 
not 
been 
designed 
to test devices 
in the OPA643's 
speed 
range. 


Benchtop 
op amp testers and ATE systems 
will require 
a 
special test head to successfully 
test these amplifiers. 


10) Terminate 
transmission 
line loads. Unterminated 
lines, 
such as coaxial cable, can appear to the amplifier 
to be a 
capacitive 
or inductive 
load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 


II) 
Plug-in prototype boards and wire-wrap boards will not 
be satisfactory. 
A clean 
layout 
using 
RF techniques 
is 
essential; 
there are no shortcuts. 


If additional 
offset 
adjustment 
is needed, 
the circuit 
in 
Figure 
1 can be used without 
degrading 
offset drift with 
temperature. 
Avoid external adjustment 
whenever 
possible 
since extraneous 
noise, such as power supply noise, can be 
inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 
created 
by the amplifier's 
input bias currents. 
Whenever 
possible, 
match 
the impedance 
seen by both inputs as is 
shown with R3. This will reduce input bias current errors to 
the amplifier's 
offset current, which is typically only 0.2lJA. 


OulputTrimRange" 
+vcc~ 
to 
-vcc~ 
Rrm 
Ririm 


INPUT PROTECTION 


Static 
damage 
has 
been 
well 
recognized 
for 
MOSFET 
devices, but any semiconductor 
device deserves 
protection 
from this potentially 
damaging 
source. The OPA643 incor- 
porates on-chip ESD protection diodes as shown in Figure 2. 
This eliminates the need for the user to add external protec- 
tion diodes, 
which 
can add capacitance 
and degrade 
AC 
performance. 
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All pins on the OPA643 are internally protected 
from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about 0.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 
present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, 
however, diode current should be externally 
lim- 
ited to JOmA or so whenever 
possible. 


The OP A643 utilizes 
a fine geometry 
high speed process 
that withstands 
500V using the Human 
Body Model 
and 
100V using the Machine 
Model. 
However, 
static damage 
can cause subtle changes 
in amplifier 
input characteristics 
without necessarily 
destroying 
the device. In precision 
op- 
erational amplifiers, this may cause a noticeable degradation 
of offset voltage 
and drift. Therefore, 
static protection 
is 
strongly recommended 
when handling the OPA643. 


OUTPUT 
DRIVE CAPABILITY 


The OPA643 
has been optimized 
to drive 30n, 
75n, 
and 
loon 
resistive loads. The device can drive 2Vp-p into a 75n 
load. This high-output 
drive capability 
makes the OPA643 
an ideal 
choice 
for a wide range 
of RF, IF, and video 
applications. 
In many cases, additional buffer amplifiers are 
unneeded. 


Many 
demanding 
high-speed 
applications 
such 
as 
ADCIDAC 
buffers 
require 
op amps 
with low wideband 
output impedance. 
For example, 
low output impedance 
is 
essential when driving the signal-dependent 
capacitances 
at 
the inputs of flash AID converters. As shown in Figure 3, the 
OP A643 maintains 
very low closed-loop 
output impedance 
over frequency. 
Closed-loop 
output 
impedance 
increases 
with frequency since loop gain is decreasing with frequency. 
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THERMAL 
CONSIDERATIONS 


The OPA643 
does not require a heat sink for operation 
in 
most environments. 
At extreme temperatures 
and under full 
load conditions 
a heat sink may be necessary. 


The internal 
power 
dissipation 
is given 
by the equation 
Po = PDQ + POL' where 
PDQ is the quiescent 
power dissipa- 
tion and POL is the power dissipation 
in the output stage due 
to the load. (For±Vcc= 
±5V, PDQ = JOV x 29mA = 290mW, 
max). For the case where the amplifier is driving a grounded 
load (RJ 
with a DC voltage (±V OUT) the maximum value of 


POL 
occurs 
at ±VOUT = ±V cd2, and 
is equal 
to 
POL' 
max = (±V cc)2l4RL. Note that it is the voltage across the 
output transistor, and not the load, that detennines 
the power 
dissipated 
in the output stage. 


Note that the short-circuit 
condition 
represents 
the maxi- 
mum 
amount 
of internal 
power 
dissipation 
that can 
be 
generated. The variation of short-circuit 
output current with 
temperature 
is shown in the Figure 4. 


reslsttve loads. Capacitive 
loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 
peaking or oscillations. 
Capacitive 
loads greater than lOpF 
should be buffered by connecting 
a small resistance, usually 
50 to 250, 
in series with the output as shown in Figure 5. 
This is particularly 
important when driving high capacitance 
loads such as flash AID converters. Increasing the gain from 
+5 will improve the capacitive 
load drive due to increased 
phase margin. 


In general, capacitive 
loads should be minimized 
for opti- 


mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot 
for RG-58) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


COMPENSATION 


The OPA643 
is internally 
compensated 
and is stable in a 
noise gain of 5 or greater with a phase margin of approxi- 
mately 
60°. Higher 
gains will improve 
phase margin 
and 
reduce the susceptibility 
to oscillation. 
(Note that, from a 
stability standpoint, an inverting gain of -5V N is equivalent 
to a noise gain of 6.) Gain and phase response for other gains 
are shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA643 
in a good 


layout is 
very flat with frequency. 
However, 
some circuit 


configurations 
such as those where 
large feedback 
resis- 
tances are used, can produce high-frequency 
gain 
peaking. 


This 
peaking 
can be minimized 
by connecting 
a small 


capacitor in parallel with the feedback resistor. This capaci- 
tor compensates 
for the closed-loop, 
high frequency, transfer 


function zero that results from the time constant formed by 
the input capacitance 
of the amplifier (typically 2pF after PC 
board mounting), 
and the input and feedback resistors. The 
selected compensation 
capacitor 
may be a trimmer, a fixed 
capacitor, 
or a planned PC board capacitance. 
The capaci- 


tance 
value 
is strongly 
dependent 
on circuit 
layout 
and 


closed-loop 
gain. Using small resistor values will preserve 
the phase margin and avoid peaking 
by keeping the break 
frequency 
of this zero sufficiently 
high. When high closed- 


Settling time is defined as the total time required, 
from the 
input 
signal 
step, 
for the output 
to settle 
to within 
the 
specified en-or band around the final value. This error band 
is expressed 
as a percentage 
of the value 
of the output 
transition, 
a 2V step. Thus, settling time to 0.01 % requires 
an error band of ±200IlV centered 
around 
the final value 
of2V. 


Settling time, specified in a non-inverting 
gain of 5, occurs 
in only 15ns to 0.01 % for a 2V output 
step, making 
the 
OPA643 
one of the fastest 
settling 
monolithic 
amplifiers 
commercially 
available. Settling time increases with closed- 
loop gain and output 
voltage 
change 
as described 
in the 
Typical 
Performance 
Curves. 
Preserving 
settling 
time re- 
quires critical 
attention 
to the details as mentioned 
under 
"Wiring 
Precautions." 
The amplifier 
also recovers 
quickly 
from 
input 
overloads. 
Overload 
recovery 
time 
to linear 
operation 
from a 50% overload is typically 
only 90ns. 


In practice, 
settling 
time 
measurements 
on the OPA643 
prove to be very difficult to perform. Accurate measurement 
is next to impossible 
in all but the very best equipped labs. 
Among other things, a fast flat-top generator and high speed 
oscilloscope 
are needed. Unfortunately, 
fast flat-top genera- 
tors, which settle to 0.01 % in sufficient time, are scarce and 
expensive. Fast oscilloscopes, 
however, are more commonly 
available. For best results, a sampling oscilloscope 
is recom- 
mended. 
Sampling 
scopes typically 
have bandwidths 
that 
are greater 
than 
IGHz and very low capacitance 
inputs. 
They also exhibit faster settling times in response to signals 
that would tend to overload a real-time 
oscilloscope. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DB) 
and Differential 
Phase 
(DP) 
are 
among the more important 
specifications 
for video applica- 


tions. DG is defined 
as the percent change 
in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop 
phase 
over the same output voltage change. Both DG and DP are 
specified 
at the NTSC 
sub-carrier 
frequency 
of 3.58MHz 
and the PAL subcarrier 
of 4A3MHz. All NTSC measure- 
ments were performed 
using a Tektronix 
model VM700A 
Video Measurement 
Set. All PAL measurements 
were per- 
formed using a Rohde & Schwarz Video Analyzer 
UAF. 


DG and DP of the OPA643 were measured with the ampli- 
fier in a gain of +5VN 
with 750 
input impedance 
and the 
output 
back-terminated 
in 750. 
The input signal selected 
from the generator was a OV to IAV modulated 
ramp with 
sync pulse. 


With these conditions 
the test circuit 
shown 
in Figure 
I 
delivered a lOOIRE modulated ramp to the 750 input of the 
video analyzer. The signal averaging feature of the analyzer 
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was used to establish 
a reference 
against which the perfor- 
mance of the amplifier was measured. Signal averaging was 
also used to measure 
the DG and DP of the test signal in 
order to eliminate 
the generator's 
contribution 
to measured 


amplifier performance. 
Typical performance 
of the OPA643 
is 0.005% differential 
gain and 0.015° differential 
phase to 
both NTSC and PAL standards. 
Increasing 
the closed-loop 


gain degrades 
the DP and DG. 


FIGURE 
6. 
Configuration 
for 
Testing 
Differential 
GainlPhase. 


The OPA643's 
Harmonic 
Distortion 
characteristics 
into a 
lOOn load are shown vs frequency 
and power output in the 
Typical Performance 
Curves. Distortion 
can be further im- 
proved 
by increasing 
the load resistance 
as illustrated 
in 
Figure 
7. Remember 
to include 
the contribution 
of the 


feedback 
resistance 
when calculating 
the effective 
load re- 


sistance seen by the amplifier. 
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NOTE: 
The load resistance 
in this graph is the external 


load not including the feedback 
resistance 
of 
4020. 


The third-order 
intercept point is an important parameter for 
many 
RF 
amplifier 
applications. 
Figure 
8 shows 
the 
OPA643's 
single-lOne 
third-OI'der intercept 
vs frequency. 


This curve is particularly 
useful for determining 
the magni- 
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tude of the third harmonic 
as a function of frequency, 
load 
resistance, 
and gain. For example, 
assume that the applica- 


tion requires the OPA643 to operate in a gain of +SVN 
and 
drive 2Vp-p into son 
at a frequency 
of SMHz. Referring to 


Figure 8 we find that the intercept 
point is +47dBm. 
The 
magnitude 
of the third harmonic 
can now be easily calcu- 


lated from the expression: 


Third Harmonic 
(dBc) = 2(OPPP 
- Po) 


where OPPP 
= third-order 
output intercept, 
dBm 
Po = output level, dBm 


For this case OPPP = 47dBm, Po = IOdBm, and the third--- 
order IMD = 2(47 - 10) = 74dB below the fundamental. 
The ~ 
OPA643's 
low distortion 
makes 
the device 
an excellent 
choice for a variety of RF signal processing 
applications. 
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FIGURE 8. Single-Tone 3rd-Order Intermodulation 
Intercept 
vs Frequency. 


The OPA643 voltage and current noise spectral densities are 
specified in the Typical Performance 
Curves. For RF appli- 
cations, however, 
Noise Figure (NF) is often the preferred 
noise specification 
since it allows system noise performance 
to be more easily calculated. The OPA643's 
Noise Figure vs 


Source Resistance 
is shown in Figure 9. 
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FIGURE 9. Noise Figure vs Source Resistance. 


For Immediate Assistance, Contact YourLocal Salesperson 


ENVIRONMENTAL 
(Q) SCREENING 
APPLICATIONS 


The inherent 
reliability 
of a semiconductor 
device is con- 


trolled by the design, materials and fabrication 
of tbe device 
-it 
cannot be improved 
by testing. 
However, 
tbe use of 


environmental 
screening can eliminate tbe majority of tbose 
units which would fail early in tbeir lifetimes (infant mortal- 
ity) through tbe application 
of carefully selected accelerated 


stress levels. Burr-Brown 
"Q-Screening" 
provides 
environ- 
mental screening 
to our standard 
industrial 
products, 
tbus 
enhancing reliability. The screening illustrated in tbe follow- 
ing table is performed 
to selected 
stress levels similar 
to 
tbose of MIL-STD-883. 


SCREEN 
METHOD 


Internal Visual 
Burr-Brown OC4118 


Stabilization 
Bake 
Temperature = lSO"C, 24 hrs 


Temperature 
Cycling 
Temperature ",,-65°C to 150°C, 10 cycles 


Burn-In 
Test 
Temperature 
• 125°C, 
160 hrs minimum 


Centrifuge 
20,000G 


Hermetic 
Seal 
Fine: He leak rate < 5 x 10'" atm eels, 30PSiG 
Gross: 
per Fluorocarbon 
bubble test, 60PSiG 


Electrical 
T esls 
As described 
in specifications 
tables. 


External 
Visual 
Burr-Brown OCS1S0 


SPICE MODELS 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 


analyzing 
tbe performance 
of analog circuits and systems. 


This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance and inductance can have a major 
effect on circuit performance. 
SPICE models are available 
for tbe OPA643. Contact Burr-Brown 
Applications 
Depart- 


ment to receive a spice diskette. 


Demonstration 
boards to speed prototyping 
are available. 
Refer to tbe DEM-OPA64X 
Datasheet 
for details. 
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High Speed 
12-,14-, 
or 16-B~ 
ADC 
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~ 
V 
our 
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FIGURE 
12. Video Distribution 
Amplifier. 
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FIGURE 
13. Differential 
Gain Amplifier and Driver for son and 7Sn Systems. 
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DEMO 
BOARD 
AVAILABLE 
See Appendix A 


Low Distortion 
Current Feedback 
OPERATIONAL 
AMPLIFIER 


• 
SLEW 
RATE: 
2500VlJlS 


• 
VERY LOW DIFFERENTIAL 
GAIN/PHASE 
ERROR: 
0.008%/0.009° 


• 
LOW DISTORTION 
AT 5MHz: -85dBc 


• 
HIGH BANDWIDTH: 
500MHz 


• 
CLEAN 
PULSE 
RESPONSE 


• 
HIGH OPEN 
LOOP TRANSIMPEDANCE: 
2.0MQ 


• 
HIGH LINEARITY 


• 
FAST 12-BIT 
SETTLING: 
21"5 
to 0.01% 


• 
UNITY-GAIN 
STABLE 


• 
HIGH-SPEED 
SIGNAL 
PROCESSING 


• 
HIGH-RESOLUTION 
VIDEO 


• 
PULSE 
AMPLIFICATION 


• 
COMMUNICATIONS 


• 
ADC/DAC 
GAIN AMPLIFIER 


• 
RF AMPLIFICATION 


• 
MEDICAL 
IMAGING 


• 
AUDIO 
AMPLIFICATION 


The OPA644 is a wideband 
precision 
current 
feed- 


back operational amplifier featuring exceptionally high 
open loop transimpedance 
and high slew rate. The 
current 
feedback 
architecture 
allows 
for excellent 
large signal bandwidth, 
even at high gains. The high 


transimpedance 
allows 
this op amp to be used 
in 
applications 
requiring 
16 bits or more of accuracy. 


This extra transimpedance 
at high bandwidths 
gives 
very low distortion 
and low differential 
gain 
and 


phase errors. The high slew rate and well-behaved 
pulse response allow for superior large signal ampli- 
fication 
in a variety of RF, video and other signal 


processing 
applications. 
Fabricated 
on an advanced 
complementary 
bipolar 
process, 
the OPA644 offers 


exceptional 
performance 
in monolithic 
form. 


+vs 


-vs 


IntemalionaIAlrportlndustrlaIPark.MalllngAddress:POBoxI14OO·Tucson.AZ85734.StreetAddress:673OS.TucsonBlvd.·Tucson.AZ 
85706 
Tel: (520)746-1111 
• 
Twx: 91().952·1111 
• 
cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate Product Info: (BOO)548-li132 
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SPECIFICATIONS 


OPA644H, 
P, U 
OPA644HSQ, 
PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
~~ 
OFFSET VOLTAGE 
(0 
Input Offset Voltage 
G = +10 
±2.5 
±6 
±2 
±3 
mV 
~ 
Average Drift 
20 
10 
~V/oC 


HSQ Grade Average Drift 
20 
35 
~V/oC 
0 
Power Supply Rejection 
Vs = ±4.5 to ±5.5V 
40 
65 
60 
75 
dB 


INPUT BIAS CURRENTl') 


Non-Inverting 
±20 
±40 
±15 
±20 
~ 
Over 
Specified 
Temperature 
±24 
±90 
±20 
±SO 
~ 
HSQ Grade Over Temperature 
35 
60 
~ 
Inverting 
±2 
±25 
±10 
~ 
Over Specified Temperature 
±4 
±35 
±3 
±25 
~ 
en 
HSQ 
Grade 
Over Temperature 
±5 
±25 
~ 
£t: 
NOISE 
W 
Input Voltage 
Noise Density 
G = +10 
u::: 
f = 100Hz 
10.3 
nWv'Hz 


f = 1kHz 
2.9 
nV/v'Hz 
::::i 
f = 10kHz 
1.9 
nV/v'Hz 
a.. 


f = 1MHz 
1.9 
nV/v'Hz 
::2: 
fa = 100Hz to 200MHz 
33.6 
~Vrms 
Inverting 
Input Bias Current 
« 


Noise Density: f = 10MHz 
15 
pAlv'Hz 
..J 


Non-Inverting 
Input Current 
« 
Noise 
Density: 
f -= 10MHz 
15 
pAlv'Hz 
Z 
INPUT VOLTAGE 
RANGE 
0 
Common-Mode 
Input Range 
±2.0 
±2.25 
V 
~ 


Over 
Specified 
Temperature 
±1.8 
±2.1 
V 
Common-Mode 
Rejection 
VCM = ±2V 
35 
55 
45 
65 
dB 


INPUT IMPEDANCE 
£t: 


Non-Inverting 
500 111.0 
knll 
pF 
W 
Inverting 
20 
46 
n 
a.. 


Open-Loop 
T ransimpedance 
Vo = ±2V, RL• 
lkn 
1.4 
2.0 
Mn 
0 
FREQUENCY 
RESPONSE, 
RFB = 402n 
All Four Power 
Pins Used 
Closed-Loop 
Bandwidth 
G = +WN 
500 
MHz 
G = +2VN 
300 
MHz 
G = +5VN 
180 
MHz 
G = +10VN 
125 
MHz 
G = +20VN 
80 
MHz 
Slew 
Rate(1) 
G = +2, 2V Step 
2500 
V/~s 
Settling Time: 
0.01% 
G = +2, 2V Step 
21 
ns 
0.1% 
G = +2, 2V Step 
16.5 
ns 
1% 
G = +2, 2V Step 
5.5 
ns 


Overload 
Recovery 
Time(2) 
60 
ns 
Spurious 
Free 
Dynamic 
Range 
G = -1, f = 5.0MHz 
84 
86 
dBc 


Vo = 2Vp-p 
G = -1, f = 20MHz 
dBc 


Differential 
Gain 
Error at 3.58MHz 
G = +2VN, 
Vo = OV to 1.4V 
0.008 
% 


RL = 150n 
Differential 
Phase 
Error at 3.58MHz 
G = +2VN, 
Vo = OV to 1.4V 
0,009 
Degrees 
RL = 150n 
Gain 
Flatness 
to 1dB 
G = +1 
250 
MHz 


OUTPUT 
Current 
Output 
±40 
±60 
±50 
±S6 
mA 
Over 
Specified 
Temperature 
±30 
±45 
±40 
±50 
mA 
Voltage Output 
No Load 
Over 
Specified 
Temperature 
±3.0 
±3.5 
V 
Voltage Output 
RL = loon 
Over 
Specified 
Temperature 
±2.75 
±3.25 
V 
Short Circuit Current 
75 
mA 
Output 
Resistance 
1MHz, G = +2VN 
0.2 
n 


POWER SUPPLY 
Specified Operating Voltage 
TMtN to TMA)( 
±5 
V 


Operating Vo~age Range 
TMtN to TMA)( 
±4.5 
±5.5 
V 


Quiescent 
Current 
TMtN to Tw.x 
±18 
±26 
mA 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 


OPA644H, 
P, U 
OPA644HSQ, 
PB UB 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 
Specification: 
H, P, U 
-40 
+85 
'c 


HSO 
-55 
+125 
'c 


Thermal Resistance, 
8JA 


P 
120 
'CM! 
U 
170 
'CM! 
H 
120 
'CM! 


OPA644 


Basic Model Number 
----r- 
Paclulge Code 


H = S-pin Sidebraze 
DIP 
P z S-pin Plastic DIP 
U = S-pin Plastic SOIC 
Performance 
Grade Code 
SO = -55'C 
to +I25'C, 
Reliability SCreened 
BI1' or No Letter::: 
-40OC 
to +85°C 


NOTE: (1) The "B" Grade of the SOIC package will be marked with a "B" by pin 
8. Refer to the mechanical section for the location. 


Top View 
CerdlpIDlPISOIC 


NC 
S 
+VS2(l) 


-Input 
+VS1 


+Input 
Output 


-VS1 
4 
5 
-VS2{l) 


NOTE: (I) Making use of all four power supply pins is highly recommended, 
although 
not required. 
Using these four pins, instead of just pins 4 and 7, will 
lower the effective pin impedance and substantially 
lower distortion. 


Supply 
. 
±5.5VDC 


Internal Power Dissipation(lj 
See Applications 
Information 
Differential 
Input Voltage ._.._.. 
.... Total Vcc 


Input Vottage Range 
See Applications 
Information 


Storage Temperature 
Range: H, HSQ.. 
.. -65°C 
to +150°C 


P, PB, U, UB 
-40'C 
to +125'C 


Lead Temperature 
(soldering, 
1Os) 
_ 
_ 
_ +300"C 
(soldering, 
SOIC 3s) 
+260"C 


Junction Temperature 
(TJ) 
+ 175°C 


NOTE: (1) Packages 
must be derated based on specified 8JA• Maximum 


TJ 
must be observed. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


OPA644H, 
HSO 
S-Pin Cerdip 
157 
OPA644P, 
PB 
B-Pin DIP 
006 


OPA644U, 
UB 
S-Pin SOIC 
IB2 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrate<i circuits be handled 
and stored using appropriate 
ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure_ Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility 
for the use of this informlltion, 
and aU use of such information shall be entIrely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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APPLICATIONS INFORMATION 
Inverting 
Gain = (-RpBIRFF)/(1+l/Loop 
Gain) 
(1) 


THEORY 
OF OPERATION 


This current feedback 
architecture 
offers the following 
im- 
portant advantages 
over voltage feedback architectures: 
(1) 
the high slew rate allows the large signal performance 
to 
approach the small signal performance, 
and: (2) there is very 
little bandwidth 
degradation 
at higher gain settings. 


The current feedback 
architecture 
of the OP A644 provides 
the traditional 
strength 
of excellent 
large signal response 
with 
the 
unusual 
addition 
of 
very 
high 
open-loop 
transimpedance. 
This high open-loop 
transimpedance 
al- 


lows 
the 
OPA644 
to be used 
in applications 
requiring 
16 bits or more of accuracy 
and dynamic 
linearity. 


DC GAIN TRANSFER 
CHARACTERISTICS 


The circuit 
in Figure 
1 shows 
the equivalent 
circuit 
for 
calculating 
the DC gain. When operating 
the device in the 
inverting 
mode, the input signal error current (lil is ampli- 
fied by the open-loop transimpedance 
gain (To). The output 
signal generated 
is equal to To x IE' Negative 
feedback 
is 
applied through RFB such that the device operates at a gain 
equal to -RFBIRFF. 


For non-inverting 
operation, the input signal is applied to the 
non-inverting 
(high 
impedance 
buffer) 
input. 
The output 
(buffer) error current (IE) is generated at the low impedance 
inverting 
input. The signal generated 
at the output 
is fed 
back to the inverting input such that the overall gain is (I + 
RWRI)' 


Where 
a voltage-feedback 
amplifier 
has two symmetrical 
high impedance 
inputs, a current feedback 
amplifier has a 
low inverting 
(buffer output) 
impedance 
and a high non- 
inverting 
(buffer input) impedance. 


The closed-loop 
gain for the OPA644 
can be calculated 
using the following 
equations: 


BURR-BROWN. 
113131 


Non-inverting 
Gain = (1 + RFBIRFF)/(l + l/Loop 
Gain) (2) 


where: Loop Gain = T( 0)/(RFB) X (1/(1 +T(0)/(RFBIRFF» 


At higher gains the small value inverting 
input impedance 
(RINv) causes an apparent 
loss in bandwidth. 
This can be 
seen from the equation: 


Factual = FIDEAL/(l + (RINVIRFB)(1 + RFBIRFF» 
(3) 


This 
loss 
in bandwidth 
at high 
gains 
can be corrected~ 
without 
affecting 
stability 
by lowering 
the value 
of the~ 
feedback resistor from the specified value of 402Q. 


OFFSET VOLTAGE 
AND NOISE 


The output offset is the algebraic 
sum of the input voltage 
and current sources that influence DC operation. 
The output 
offset is calculated 
by the following 
equation: 


Output Offset Voltage = ±lbN x RN (1 + RFB~) 
±V10 (4) 
(1 + RFBIRG) ±lbr x RFB 
If all terms are divided by the gain (1 + RpIRG) it can be 
observed 
that input referred 
offsets 
improve 
as gain in- 
creases. 


The effective 
noise at the output 
of the amplifier 
can be 
determined by taking the root sum of the squares of equation 
4 and applying the spectral noise values found in the Typical 
Performance 
Curve graph section. This applies to noise from 
the 
op amp 
only. 
Note 
that both 
the 
noise 
figure 
and 
equivalent 
input offset voltages improve as the closed-loop 
gain increases 
(by keeping 
Rp fixed and reducing 
R1 with 
RN = On). 


INCREASING 
BANDWIDTH 
AT HIGH GAINS 


The closed-loop bandwidth can be extended at high gains by 
reducing the value of the feedback resistor RFB(refer to Figure 
1). This bandwidth 
reduction 
is caused 
by the feedback 
current being split between Rs and RFF.As the gain increases 
(for a fixed RFB), more feedback current is shunted through 
RFF,which reduces closed-loop bandwidth. To maintain speci- 
fied bandwidth, 
the following 
equations 
can be used 
to 
approximate 
Rp and R1 for any gain from ±l to ±15: 


R1 = (424 + 8G)/G (inverting) 


G = Closed-loop 
gain 


WIRING 
PRECAUTIONS 


Maximizing 
the OPA644's 
capability 
requires some wiring 
precautions 
and high-frequency 
layout techniques. 
Oscilla- 


tion, ringing, poor bandwidth and settling, gain peaking, and 
instability 
are 
typical 
problems 
plaguing 
all high-speed 
amplifiers 
when they are improperly 
used. In general, 
all 
printed circuit board conductors 
should be wide to provide 
low resistance, 
low impedance 
signal paths. They should 
also be as short 
as possible. 
The entire 
physical 
circuit 
should be as small as practical. Stray capacitances 
should be 
minimized, 
especially 
at high impedance 
nodes, such as the 
amplifier's 
input terminals. 
Stray signal coupling from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) 
to minimize 
lead 
inductance, 
and low values 
of 
resistance should be used. This will minimize time constants 
formed 
with 
the circuit 
capacitances 
and will eliminate 
stray, parasitic circuits. 


Grounding 
is the most important 
application 
consideration 
for the OPA644, 
as it is with all high-frequency 
circuits. 


Oscillations 
at high frequencies 
can easily occur if good 
grounding 
techniques 
are not used. A heavy ground plane 
(2 oz. copper 
recommended) 
should 
connect 
all unused 
areas 
on the component 
side. 
Good 
ground 
planes 
can 
reduce 
stray signal pickup, 
provide 
a low resistance, 
low 
inductance 
common 
return path for signal and power, and 
can 
conduct 
heat 
from 
active 
circuit 
package 
pins 
into 
ambient air by convection. 


Supply bypassing 
is extremely 
critical and must always be 
used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum 
capacitors 
(2.2flF) 
with very short leads are recommended. 
A parallel O.OlflF 
ceramic must also be added. Surface-mount 
bypass capaci- 
tors will produce 
excellent 
results 
due to their low lead 
inductance. 
Additionally, 
suppression 
filters can be used to 
isolate noisy supply lines. 
Properly bypassed and modula- 
tion-free power supply lines allow full amplifier output and 
optimum 
settling time performance. 


Points to Remember 
I) Making use of all four power supply pins will lower the 
effective 
power 
supply 
inductance 
seen by the input and 
output 
stages. This will improve 
the AC performance 
in- 
cluding lower distortion. 
The lowest distortion 
is achieved 
when running separated traces to VSl and VS2' Power supply 
bypassing 
with O.OlflF and 2.2flF surface-mount 
capacitors 
is recommended. 
It is essential to keep the O.OlflF capacitor 
very close to the power supply pins. Refer to the demonstra- 
tion 
board 
figure 
in the 
DEM-OPA64X 
datasheet 
for 
the 
recommended 
layout 
and 
component 
placements. 


detrimental to AC performance. 
However, if it must be used, 
very short, direct signal paths are required. The input signal 
ground return, the load ground return, and the power supply 
common should all be connected 
to the same physical point 
to eliminate ground loops, which can cause unwanted 
feed- 
back. 


3) Surface mount on the backside 
of the PC Board. Good 
component 
selection is essential. Capacitors 
used in critical 
locations should be a low inductance type with a high quality 
dielectric 
material. 
Likewise, 
diodes used in critical 
loca- 
tions should 
be Schottky 
barrier 
types, 
such as HP5082- 
2835 for fast recovery 
and minimum 
charge storage. Ordi- 
nary diodes will not be suitable in RF circuits. 


4) Whenever 
possible, solder the OPA644 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 
capacitance 
and inductance, 
which can seriously 
degrade 
AC performance 
or produce oscillations. 


5) Use a small feedback resistor (usually 25(2) in unity-gain 
voltage follower applications 
for the best performance. 
For 
gain configurations, 
resistors 
used 
in feedback 
networks 
should have values of a few hundred ohms for best perfor- 
mance. 
Shunt 
capacitance 
problems 
limit the acceptable 
resistance range to about Iill on the high end and to a value 
that is within the amplifier's 
output drive limits on the low 
end. Metal film and carbon resistors will be satisfactory, 
but 
wirewound 
resistors (even "non-inductive" 
types) are abso- 
lutely 
unacceptable 
in high-frequency 
circuits. 
Feedback 
resistors 
should be placed directly between 
the output and 
the inverting 
input on the backside 
of the PC board. This 
placement 
allows 
for the shortest 
feedback 
path and the 
highest 
bandwidth. 
A longer feedback 
path than this will 
decrease 
the realized bandwidth 
substantially. 
Refer to the 
demonstration 
board layout at the end of the datasheet. 


6) Surface-mount 
components 
(chip resistors, 
capacitors, 


etc.) have low lead inductance 
and are therefore 
strongly 


recommended. 
Circuits using all surface-mount 
components 
with the OPA644U 
(SOIC package) 
will offer the best AC 
performance. 
The parasitic package impedance for the SOIC 
is lower than the both the Cerdip and 8-lead Plastic DIP. 


7) Avoid overloading 
the output. 
Remember 
that output 
current must be provided 
by the amplifier 
to drive its own 
feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


8) Don't 
forget 
that these 
amplifiers 
use ±5V 
supplies. 
Although 
they will operate 
perfectly 
well with +5V and 
-5.2V, 
use of ±15V supplies will destroy the part. 


9) Standard 
commercial 
test equipment 
has not been de- 
signed to test devices in the OP A644' s speed range. Bench- 
top op amp testers and ATE systems will require a special 
test head to successfully 
test these amplifiers. 


10) Terminate 
transmission 
line loads. Unterminated 
lines, 


such as coaxial cable, can appear to the amplifier 
to be a 
capacitive 
or inductive load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 
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be satisfactory. 
A clean 
layout 
using 
RF techniques 
is 
essential; 
there are no shortcuts. 


INPUT PROTECTION 


Static damage has been well recognized 
for MOSFET 
de- 


vices, 
but any semiconductor 
device 
deserves 
protection 
from this potentially 
damaging 
source. The OPA644 incor- 
porates on-chip ESD protection diodes as shown in Figure 3. 
This eliminates the need for the user to add external protec- 
tion diodes, 
which can add capacitance 
and degrade 
AC 
performance. 


+Ycc 
ESD Protection diodes internally 


~~ 
c:~n~:~d~~ 
~I PI~:ternal 


~ 
Circuitry 


-Ycc 


All pins on the OPA644 are internally protected 
from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about O.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 
present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, 
however, diode current should be externally 
lim- 
ited to IOmA or so whenever 
possible. 


The OP A644 utilizes 
a fine geometry 
high speed process 
that withstands 
500V using the Human 
Body Model 
and 
IOOVusing the machine model. However, static damage can 
cause subtle changes in amplifier input characteristics 
with- 


out necessarily 
destroying 
the device. 
In precision 
opera- 


tional amplifiers, 
this may cause a noticeable degradation 
of 
offset voltage and drift. Therefore, static protection is strongly 
recommended 
when handling 
the OPA644. 


OUTPUT 
DRIVE CAPABILITY 


The OPA644 
has been optimized 
to drive 75n 
and lOOn 
resistive loads. The device can drive 2Vp-p into a 75n load. 
This high-output 
drive capability 
makes 
the OPA644 
an 
ideal choice for a wide range of RF, IF, and video applica- 
tions. In many cases, additional 
buffer amplifiers 
are un- 
needed. 


Many 
demanding 
high-speed 
applications 
such 
as 
ADCIDAC 
buffers 
require 
op amps with low wideband 
output impedance. 
For example, 
low output impedance 
is 
essential when driving the signal-dependent 
capacitances 
at 
the inputs 
of flash AID converters. 
As shown in Figure 4, 
the OPA644 maintains 
very low closed-loop 
output imped- 


ance 
over 
frequency. 
Closed-loop 
output 
impedance 
in- 
creases 
with frequency 
since loop gain is decreasing 
with 
frequency. 
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THERMAL 
CONSIDERATIONS 


The OPA644 
does not require a heat sink for operation 
in 
most environments. 
At extreme temperatures 
and under full 
load conditions 
a heat sink may be necessary. 


The internal 
power 
dissipation 
is given 
by the equation 
Po = POQ+ POL' where POQis the quiescent power dissipa- 
tion and POLis the power dissipation 
in the output stage due 
to the load. (For±Vcc=±5V, 
PoQ= IOV x 26mA= 
260mW, 
max). For the case where the amplifier is driving a grounded 
load (RL) with a DC voltage (±V OUT) the maximum value of 
POLoccurs at ±VOUT = ±Vcd 
2, and is equal to POL' max 


= (±V ccJ2/4RL' Note that it is the voltage across the output 
transistor, 
and not 
the load, 
that 
determines 
the power 
dissipated 
in the output stage. 


The short-circuit 
condition represents the maximum 
amount 
of internal 
power 
dissipation 
that can be generated. 
The 
variation of output current with temperature 
is shown in the 
Typical Performance 
Curves. 


The OPA644's 
output stage has been optimized to drive low 
resistive loads. Capacitive loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 
peaking 
or oscillations. 
Capacitive 
loads greater than 5pF 
should be buffered by connecting 
a small resistance, 
usually 
5n to 25n, 
in series with the output as shown in Figure 5. 
This is particularly 
important when driving high capacitance 
loads such as flash AID converters. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot 
for RG-S8) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


The OPA644 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
70°. (Note that, 


from a stability 
standpoint, 
an inverting 
gain of -IVN 
is 
equivalent to a noise gain of 2.) Gain and phase response for 
other gains are shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA644 
in a good 
layout is very flat with frequency. 


The OPA644's 
harmonic 
distortion 
characteristics 
into a 
lOOn load are shown vs frequency 
and power output in the 
Typical Performance 
Curves. Distortion 
can be further im- 
proved 
by increasing 
the load resistance 
as illustrated 
in 
Figure 
6. Remember 
to include 
the contribution 
of the 
feedback 
resistance 
when calculating 
the effective load re- 
sistance seen by the amplifier. 
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The third-order 
intercept is an important parameter for many 
RF amplifier 
applications. 
Figure 
6 shows the OPA644's 
single tone third-order 
intercept vs frequency. This curve is 
particularly 
useful 
for determining 
the magnitude 
of the 
third harmonic 
as a function 
of frequency, 
load resistance, 
and gain. For example, assume that the application 
requires 
the OPA644 
to operate 
in a gain 
of +2VN 
and drive 
2Vp-p 
into son 
at a frequency 
of IOMHz. Referring 
to 
Figure 6 we find that the intercept 
point is +SOdBm. The 
magnitude 
of the third harmonic 
can now be easily calcu- 
lated from the expression: 


Third Harmonic 
(dBc) = 2(OP}3P - Po) 


where Op}3p = third-order 
output intercept, 
dBm 
Po = output level, dBm 


For this case OPPP 
= 6OdBm, Po = IOdBm, and the third 
harmonic = 2(SO - 10) = 80dB below the fundamental. 
The 
OPA644's 
low distortion 
makes 
the device 
an excellent 
choice for a variety of RF signal processing 
applications. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential Gain (DG) and Differential Phase (DP) are among 
the more important specifications 
for video applications. 
DG 
is defmed as the percent change in closed-loop 
gain over a 
specified change in output voltage level. DP is defined as the 
change in degrees of the closed-loop 
phase over the same 
output voltage change. Both DG and DP are specified at the 
NTSC 
sub-carrier 
frequency 
of 3.S8MHz 
and the PAL 
subcarrier 
of 4.43MHz. 
All NTSC 
measurements 
were 
performed 
using 
a Tektronix 
model 
VM700A 
Video 
Measurement 
Set. 


DG and DP of the OPA644 were measured with the amplifier 
in a gain of +2VN 
with 7Sn input impedance 
and the output 
back-terminated 
in 7Sn. The input signal selected from the 
generator was a OV to 1.4V modulated ramp with sync pulse. 
With these conditions 
the test circuit 
shown 
in Figure 
7 
delivered a lOOIRE modulated ramp to the 7Sn input of the 
video analyzer. The signal averaging feature of the analyzer 
was used to establish areference against which the performance 
of the amplifier was measured. Signal averaging was also used 
to measure 
the DG and DP of the test signal in order to 
eliminate the generator's 
contribution 
to measured amplifier 
performance. 
Typical performance 
of the OPA644 is 0.008% 


differential 
gain and 0.009° differential 
phase to both NTSC 


and PAL standards. 
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FIGURE 
7. 
Configuration 
for 
Testing 
Differential 
GainlPhase. 


The OPA644's 
voltage and current noise spectral densities 


are specified 
in the Typical 
Performance 
Curves. 
For RF 
applications, 
however, Noise Figure (NF) is often the pre- 
ferred noise specification 
since it allows system noise per- 
formance to be more easily calculated. The OPA644's 
Noise 
Figure vs Source Resistance 
is shown in Figure 8. 
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ENVIRONMENTAL 
(0) 
SCREENING 


[ 


e 2 + (InR )2 ] 
NF = 10LOG 
1 + 
"4KTR 
s 
' 


SPICE MODELS 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 


This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. SPICE models using MicroSirn 
Corporation's 
PSpice are available 
for the OPA644. 
Con- 
tract Burr-Brown applications departments to receive a SPICE 
Diskette. 


0- 


Video 
~ 
Input 
V 


Digital 
Data 
In 


The inherent 
reliability 
of a semiconductor 
device is con- 
trolled by the design, materials and fabrication 
of the device 
-it 
cannot be improved 
by testing. 
However, 
the use of 
environmental 
screening can eliminate the majority of those 
units which would fail early in their lifetimes (infant mortal- 
ity) through the application 
of carefully selected accelerated 
stress levels. Burr-Brown 
"Q-Screening" 
provides environ- 
mental 
screening 
to our standard 
industrial 
products, 
thus 
enhancing reliability. The screening illustrated in the follow- 
ing table is performed 
to selected 
stress levels similar 
to 
those of MIL-STD-883. 
__ 


SCREEN 
METHOD 


Internal Visual 
Burr-Brown QC4118 


Stabilization 
Bake 
Temperature:::: 
150°C. 
24 hrs 


Temperature 
Cycling 
Temperature 
= -55'C 
to 125'C, 
10 cycles 


Burn-In 
Test 
Temperature 
= 125°C, 
160 hrs minimum 


Centrifuge 
20,OOOG 


Hermetic 
Seal 
Fine: He leak rate < 5 X 10-" atm eels, 30pPSiG 
Gross: per Fluorocarbon 
bubble test. 30pPSiG 


Electrical 
Tests 
As described 
in specifications 
tables. 


External 
Visual 
Burr-Brown QC5150 
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Demonstration 
boards to speed prototyping 
are available. 


Refer to the DEM-OPA64X 
datasheet 
for details. 
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Data 
In 


High Speed 
12-,14-, or 16-8il 
ADC 
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DEMO BOARD AVAILABLE 
See Appendix 
A 


Low Power, Wide Bandwidth 
OPERATIONAL 
AMPLIFIER 


• 
LOW POWER: 
55mW 


• 
UNITY-GAIN 
BANDWIDTH: 
650MHz 


• 
UNITY-GAIN 
STABLE 


• 
FAST 12-BIT SETTLING: 
15ns (0.01%) 


• 
LOW INPUT BIAS CURRENT: 
2J.lA 


• 
LOW HARMONICS: 
-82dBc 
at 5MHz 


• 
LOW DIFFERENTIAL 
GAIN/PHASE 
ERRORS: 
0.025%/0.08° 


The OPA646 is a low power, wideband 
voltage feed- 
back 
operational 
amplifier. 
It 
features 
a high 
bandwidth of 650MHz as well as a l2-bit settling time 
of only 
l5ns. 
Its low input 
bias current 
and wide 
bandwidth 
allows it to be used for high speed integra- 
tor and active filter designs. 
Its low distortion 
gives 
exceptional 
performance 
for 
telecommunications, 
medical imaging and video applications. 


The OPA646 is internally compensated 
for unity-gain 
stability. 
This 
amplifier 
has 
a fully 
symmetrical 
differential 
input 
due to its "classical" 
operational 
amplifier circuit architecture. 
Its unusual combination 
of speed, accuracy 
and low power make it an ideal 
choice for many portable, multichannel 
and other high 
speed applications 
where power is at a premium. 


• 
TELECOMMUNICATIONS 


• 
MEDICAL 
IMAGING 


• 
CCD IMAGING 


• 
PORTABLE 
EQUIPMENT 


• 
ACTIVE 
FILTERS 


• 
VIDEO AMPLIFICATION 


• 
ADC/DAC 
GAIN AMPLIFIER 


• 
HIGH SPEED 
INTEGRATORS 
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For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


ELECTRICAL 


OPA646H, 
P, U 
OPA646HSQ, 
PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
±3 
±8 
±1 
±2.5 
mV 


Average 
Drift 
±20 
±12 
Ilvrc 
HSQ Grade Over Temperature 
±5 
±8 
mV 


Power Supply Rejection (+VsJ 
Vs = ±4.5 to ±5.5V 
50 
70 
80 
dB 


(-Vsl 
45 
55 
48 
dB 


INPUT BIAS CURRENT 
Input Bias Current 
VCM = OV 
2 
5 
3.5 
i!A 
Over Specified Temperature 
3 
7 
i!A 


HSQ Grade Over Temperature 
Ii 


4 
10 
i!A 


Input Offset Current 
VCM = OV 
0.4 
1.5 
i!A 


Over Specified Temperature 
0.9 
3.0 
i!A 


HSQ Grade Over Temperature 
1.5 
5.0 
i!A 


NOISE 
Input Voltage Noise 


nVNHz 
Noise Density: f ::: 100Hz 
23.2 
f = 10kHz 
7.5 
. 
nV/4Hz 


f = lMHz 
7.1 
nV/4Hz 


f = lMHz 
to 100MHz 
7.2 
I 
nV/4Hz 


Voltage Noise, BW = 100Hz to 100MHz 
141 
JlVrms 


Input Bias Current 
Noise 
pAl4Hz 
Current Noise Density, 
f = 0.1 Hz to 20kHz 
1.1 


Noise Figure (NF) 


Rs = 10kn 
3.0 
dB 
Rs = son 
19.1 
dB 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±2.5 
±3.0 
V 


Over Specified Temperature 
±2.5 
±3.0 
V 


Common-Mode 
Rejection 
VCM = ±0.5V 
60 
80 
75 
90 
dB 


INPUT IMPEDANCE 
Differential 
15111 
kQ II pF 
Common-Mode 
1.6111 
Mn II pF 


OPEN-LOOP 
GAIN 


Open-Loop 
Voffage Gain 
Va = ±2V, RL = 100n 
45 
51 
47 
55 
dB 


Over Specified Temperature 
43 
49 
45 
53 
dB 


FREQUENCY 
RESPONSE, 
R.s = 40m 
All Four Power 
Pins Used 


Closed-Loop 
Bandwidth 
G = +1VN 
650 
MHz 


G = +2VN 
160 
MHz 


G. 
+5VN 
45 
MHz 


G. 
+10VN 
22 
MHz 
Slew 
Rate(1) 
G = +1, 2V Step 
180 
V/IlS 


At Minimum Specified 
Temperature 
155 
V/IlS 


Rise Time 
lV Step 
5.3 
ns 


Fall Time 
1V Step 
5.9 
• II 
I- 


ns 


Settling Time: 0.01% 
G = +1, 2V Step 
15 
ns 


0.1% 
G = +1, 2V Step 
11.5 
II 
ns 


1% 
G = +1, 2V Step 
6 
ns 
Over-Voltage 
Recovery(2) 
65 
ns 
Spurious 
Free Dynamic 
Range 
G = +1, f = 5.0MHz 
82 
dBc 


Va = 2Vp-p, RL = 40211 


Differential Gain Error at 3.58MHz 
G = +2VN, 
Va = 0 to 1.4V, RL 
• 
l50n 
0.025 
% 


Differential 
Phase Error at 3.58MHz 
G • +2VN, 
Va = 0 to 1.4V, RL = 150n 
0.08 
degrees 
Gain Flatness to O.ldB 
100 
MHz 


OUTPUT 
Voltage Output 
No Load 


Over Specified Temperature 
±2.5 
±2.75 
V 


HSQ Grade Over Temperature 
±2.3 
±2.5 
V 
Voffage Output 
RL = 250n 
V 
Over Specified Temperature 
±2.5 
±2.7 
V 


HSQ Grade Over Temperature 
±2.0 
±2.5 
V 
Voffage Output 
RL = 100n 


Over Specified Temperature 
±2.0 
±2.5 
V 


HSQ Grade Over Temperature 
±2.0 
±2.3 
V 


Current Output, +25°C 
to max Temp 
±40 
±52 
mA 
Over Specified Temperature 
±30 
±48 
mA 
HSQ Grade Over Temperature 
±25 
±35 
mA 


Short Circuit Current 
60 
mA 
Output Resistance 
1MHz, G:: +1VN 
0.2 
n 
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SPECIFICATIONS 
(CONT) 
ELECTRICAL 


OPA646H, 
P, U 
OPA646Hsa, 
PB, UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
Specified Operating 
Voltage 
TM1N to T MAX 
±5 
V 
Operating Vo~age Range 
TM1N to TMAX 
±4.5 
±5.5 
V 
Quiescent 
Current 
±5.25 
±5.5 
mA 
Over Specified Temperature 
±6.5 
±7.5 
mA 
HSa Grade Over Temperature 
±7.5 
±8.5 
mA 


TEMPERATURE 
RANGE 
Specification: 
H, P, PB, U, UB 
Ambient 
-40 
+85 
·C 
HSa 
Ambient 
-55 
+125 
·C 
Thermal Resistance 
8JA• Junction to Ambient 
P 
120 
·CIW 
U 
170 
·CIW 
H 
120 
·CIW 


OPA646 
() J 
Basic Modei Number 
=r- 
T 
Package Code 
H : 8-pin Sidebraze 
DIP 
P = 8-pin Plastic DIP 
U : 8-pin Plastic SOIC 
Performance 
Grade Code 
------------ 
sa 
= -55·C 
to +125·C, Reliability Screened 
B(l) or No Letter = -40°C 
to +85°C 


DIPISOIC 


8 
+VS2(1) 


+VS1 


Output 


5 
-VS2(1) 


Inverting Input 


Non·lnverting 
Input 


NOTE: (1) Making use of ali four power supply pins is highly recommended, 
although 
not required. 
Using these four pins, instead 
of just pins 4 and 7, will 
lower the effective 
pin impedance 
and substantially 
lower distortion. 


Supply 
. 
±5.5VDC 
Internal Power Dissipation(l) 
See Applications 
Information 
Differential 
Input Voltage 
. 
Total Vcc 
Input Voltage 
Range 
See Applications 
Information 
Storage Temperature 
Range: H, HSa 
-65·C 
to +150·C 
P, PB, U, UB 
-40·C 
to +125·C 
Lead Temperature 
(soldering, 
10s) 
+300·C 
(soldering, 
SOIC 3s) 
+260·C 
Junction Temperature 
(TJ) 
+175·C 


NOTE:(1) 
Packages must be derated based on specified 8J •. Maximum 
TJ 
must 
be observed. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl') 


OPA646H, HSa 
8-Pin Cerdip 
157 
OPA646P, 
PB 
8-Pin DIP 
006 
OPA646U, 
UB 
8-Pin SOIC 
182 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate 
ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 
fications. 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR·BAOWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's 
own risk. Prices and specifications 
are subject 
to change 
without 
notice. No patent rights or licenses 
to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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TYPICAL PERFORMANCE CURVES (CONT) 


5MHz HARMONIC 
DISTORTION 
vs OUTPUT SWING 
(G: +1, RL .1000) 
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APPLICATIONS INFORMATION 


DISCUSSION 
OF PERFORMANCE 


The OP A646 provides 
a level of speed and precision 
not 
previously 
attainable 
in monolithic 
form. 
Unlike 
current 
feedback amplifiers, the OPA646's 
design uses a "classical" 


operational 
amplifier architecture 
and can therefore be used 
in all traditional operational 
amplifier applications. 
While it 
is true that current 
feedback 
amplifiers 
can provide 
wider 
bandwidth 
at higher gains, they offer some disadvantages. 


The asymmetrical 
input characteristics 
of current feedback 
amplifiers (i.e., one input is a low impedance) prevents them 
from being used in a variety 
of applications. 
In addition, 
unbalanced 
inputs make input bias current errors difficult to 
correct. Cancelling 
offset errors (due to input bias currents) 
through matching of inverting and non-inverting 
input resis- 


tors 
is impossible 
because 
the 
input 
bias 
currents 
are 
uncorrelated. 
Current 
noise 
is also asymmetrical 
and is 
usually significantly 
higher on the inverting 
input. Perhaps 
most important, 
settling time to 0.01 % is often extremely 
poor due to internal design tradeoffs. Many current feedback 
designs 
exhibit 
settling 
times 
to 0.01% 
in excess 
of 10 
microseconds 
even though 0.1 % settling times are reason- 
able. Such 
amplifiers 
are completely 
inadequate 
for fast 
settling 
12-bit applications. 


The OPA646's 
"classical" 
operational amplifier architecture 
employs 
true differential 
and fully symmetrical 
inputs 
to 
eliminate these troublesome 
problems. All traditional circuit 
configurations 
and op amp theory apply to the OP A646. 


WIRING 
PRECAUTIONS 


Maximizing 
the OPA646's 
capability requires some wiring 
precautions 
and high-frequency 
layout techniques. 
Oscilla- 
tion, ringing, poor bandwidth and settling, gain peaking, and 
instability 
are 
typical 
problems 
plaguing 
all high-speed 


BURR - BROWNe 
IE:lE:lI 
Burr-Brown Ie Data Book-Linear 
Products 


g 


:; -60 
.2"~ 
i5 
o 
'2 -70 
~ 
I 


2.0 


Output SWing (Vp-p) 


amplifiers 
when they are improperly 
used. In general, 
all 
printed circuit board conductors 
should be wide to provide 
low resistance, 
low impedance 
signal paths. They should 
also be as short as possible. 
The entire 
physical 
circuit 
should be as small as practical. Stray capacitances 
should be 
minimized, 
especially 
at high impedance 
nodes, such as the 
amplifier's 
input terminals. 
Stray signal coupling 
from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) 
to minimize 
lead 
inductance, 
and low values 
of 
resistance should be used. This will minimize time constants 
formed 
with 
the circuit 
capacitances 
and 
will eliminate 
stray, parasitic circuits. 


Grounding 
is the most important 
application 
consideration 
for the OPA646, 
as it is with all high-frequency 
circuits. 
Oscillations 
at high frequencies 
can easily occur if good 
grounding 
techniques 
are not used. A heavy ground plane 
(2 oz. copper 
recommended) 
should 
connect 
all unused 
areas 
on the component 
side. 
Good 
ground 
planes 
can 
reduce stray signal pickup, provide 
a low resistance, 
low 
inductance 
common 
return path for signal and power, and 
can conduct 
heat 
from 
active 
circuit 
package 
pins 
into 
ambient air by convection. 


Supply bypassing 
is extremely 
critical and must always be 
used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier 
pins. Tantalum 
capacitors 
(2.2J,lF) 
with very short leads are recommended. 
A parallel 0.01J,lF 
ceramic must also be added. Surface-mount 
bypass capaci- 
tors will produce 
excellent 
results 
due to their low lead 
inductance. 
Additionally, 
suppression 
filters can 
be used to 


-- 


~ 
- 
. ~- 


tion-free power supply lines allow full amplifier output and 
optimum 
settling time performance. 


Points 
to Remember 
1) Making use of all four power supply pins will lower the 
effective 
power 
supply impedance 
seen by the input and 


output 
stages. This will improve 
the AC performance 
in- 
cluding 
lower distortion. 
The lowest distortion is achieved 


when running separated traces to VSl and VS2' Power supply 
bypassing 
with O.OIIJF and 2.21JF surface-mount 
capacitors 
on the topside 
of the PC Board 
is recommended. 
It is 
essential 
to keep the O.OIIJF capacitor 
very close to the 
power supply pins. Refer to the DEM-OPA64X 
Data Sheet 


for the recommended 
layout and component 
placements. 


2) Whenever 
possible, use surface mount. Don't use point- 
to-point wiring as the increase in wiring inductance 
will be 


detrimental to AC performance. 
However, if it must be used, 


very short, direct signal paths are required. The input signal 
ground return, the load ground return, and the power supply 
common should all be connected 
to the same physical point 
to eliminate ground loops, which can cause unwanted 
feed- 
back. 


3) Surface mount on backside 
of PC Board. Good compo- 
nent 
selection 
is essential. 
Capacitors 
used 
in critical 
locations should be a low inductance type with a high quality 
dielectric 
material. 
Likewise, 
diodes 
used 
in 
critical 
locations should be Schottky barrier types, such as HP5082- 
2835 for fast recovery 
and minimum 
charge storage. Ordi- 
nary diodes will not be suitable in RF circuits. 


4) Whenever 
possible, 
solder the OPA646 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 


capacitance 
and inductance, 
which can seriously 
degrade 


AC performance 
or produce oscillations. 


5) Use a small feedback resistor (usually 25Q) in unity-gain 
voltage follower applications 
for the best performance. 
For 


gain configurations, 
resistors 
used 
in feedback 
networks 


should have values of a few hundred ohms for best perfor- 
mance. 
Shunt 
capacitance 
problems 
limit the acceptable 
resistance range to about lill 
on the high end and to a value 
that is within the amplifier's 
output drive limits on the low 


end. Metal film and carbon resistors will be satisfactory, 
but 


wirewound 
resistors (even "non-inductive" 
types) are abso- 
lutely 
unacceptable 
in high-frequency 
circuits. 
Feedback 


resistors 
should be placed directly between the output and 
the inverting 
input on the backside 
of the PC board. This 
placement 
allows 
for the shortest 
feedback 
path and the 
highest bandwidth. 
Refer to the demonstration 
board layout 


at the end of the datasheet. 
A longer 
feedback 
path 
than 
this will decrease 
the realized 
bandwidth 
substantially. 


6) Surface-mount 
components 
(chip resistors, 
capacitors, 
etc.) have low lead inductance 
and are therefore 
strongly 
recommended. 
Circuits using all surface-mount 
components 


with the OPA646U 
(SOIC package) will offer the best AC 
performance. 
The parasitic package inductance 
and capaci- 
tance for the SOIC is lower than the both the Cerdip and 
8-lead Plastic DIP. 


current must be provided 
by the amplitier 
to dnve Its own 
feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


8) Don't 
forget 
that these 
amplifiers 
use ±5V 
supplies. 


Although 
they will operate 
perfectly 
well with +5V and 


-5.2V, 
use of ±15V supplies will destroy the part. 


9) 
Standard 
commercial 
test 
equipment 
has 
not 
been 
designed 
to test devices 
in the OPA646's 
speed 
range. 


Benchtop 
op amp testers and ATE systems 
will require 
a 
special test head to successfully 
test these amplifiers. 


10) Terminate 
transmission 
line loads. Unterminated 
lines, 
such as coaxial cable, can appear to the amplifier 
to be a 


capacitive 
or inductive 
load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 


II) 
Plug-in prototype boards and wire-wrap boards will not 
be satisfactory. 
A clean 
layout 
using 
RF techniques 
is 


essential; 
there are no shortcuts. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


If additional 
offset 
adjustment 
is needed, 
the circuit 
m 
Figure 
1 can be used without 
degrading 
offset drift with 
temperature. 
Avoid external 
adjustment 
whenever 
possible 
since extraneous 
noise, such as power supply noise, can be 
inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 
created 
by the amplifier's 
input bias currents. 
Whenever 
possible, 
match the impedance 
seen by both inputs 
as is 
shown with R3. This will reduce input bias current errors to 
the amplifier's 
offset current. 


Output Trim Range:: +Vcc ~ 
to -vcc-.!!L 


ATom 
ATrim 


INPUT PROTECTION 


Static damage has been well recognized 
for MOSFET 
de- 
vices, 
but any semiconductor 
device 
deserves 
protection 
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c - 
• 
This eliminates 
the need for the user to add external protec- 
tion diodes, 
which 
can add capacitance 
and degrade 
AC 
performance. 


All pins on the OPA646 are internally protected 
from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about O.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 
present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, 
however, 
diode 
current 
should 
be externally 
limited to lOmA or so whenever 
possible. 


+Vcc 
ESO Protection 
diodes internally 


Enernal 
~ 
~~n:~~~~:1 
PI~:ern~ 


PinI 
Circuitry 


-vcc 


The OPA646 utilizes 
a fine geometry 
high speed process 


that withstands 
SOOV using the Human 
Body Model 
and 
looV 
using the Machine 
Model. 
However, 
static damage 
can cause subtle changes in amplifier 
input characteristics 
without necessarily 
destroying 
the device. In precision 
op- 
erational amplifiers, this may cause a noticeable degradation 
of offset voltage 
and drift. Therefore, 
static protection 
is 
strongly recommended 
when handling the OPA646. 


OUTPUT 
DRIVE CAPABILITY 


The OPA646 
has been optimized 
to drive 7Sn 
and lOOn 
resistive loads. The device can drive 2Vp-p into a 7Sn load. 
This high-output 
drive capability 
makes 
the OPA646 
an 
ideal choice for a wide range of RF, IF, and video applica- 
tions. 
In 
many 
cases, 
additional 
buffer 
amplifiers 
are 
unneeded. 


Many 
demanding 
high-speed 
applications 
such 
as 
ADCIDAC 
buffers 
require 
op amps 
with low wideband 
output impedance. 
For example, 
low output impedance 
is 


essential when driving the signal-dependent 
capacitances 
at 
the inputs of flash AID converters. As shown in Figure 3, the 
OPA646 maintains 
very low closed-loop 
output impedance 
over frequency. 
Closed-loop 
output 
impedance 
increases 
with frequency since loop gain is decreasing with frequency. 


THERMAL 
CONSIDERATIONS 


The OPA646 
does not require a heat sink for operation 
in 
most environments. 
At extreme temperatures 
and under full 
load conditions 
a heat sink may be necessary. 
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ti~n and POLis the power dissipation 
in the output stage due 


to the load. (For ±Vee = ±5V, PDQ= IOV X 7.5mA = 7SmW, 
max). For the case where the amplifier is driving a grounded 
load (RJ 
with a DC voltage (±V OUT) the maximum value of 


POL occurs 
at ±VOUT = ±Veel2, 
and 
is equal 
to POL' 


max = (±Vee)2/4RL. 
Note that it is the voltage across the 


output transistor, and not the load, that determines the power 
dissipated 
in the output stage. 


1M 


Frequency 
(Hz) 


A short-circuit 
condition represents the maximum amount of 
internal power dissipation 
that can be generated. 
The varia- 
tion of output current with temperature 
is shown in Figure 4. 
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CAPACITIVE 
LOADS 


The OPA646's 
output stage has been optimized to drive low 
resistive loads. Capacitive 
loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 
peaking or oscillations. 
Capacitive 
loads greater than lOpF 
should be buffered by connecting 
a small resistance, usually 
5Q to 25Q, in series with the output as shown in Figure 5. 
This is particularly 
important when driving high capacitance 
loads such as flash NO converters. Increasing the gain from 
+1 will improve 
the capacitive 
load drive due to increased 
phase margin. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot for RG-58) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


COMPENSATION 


The OPA646 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
60°. However, 
the unity gain buffer is the most demanding 
circuit configu- 
ration for loop stability and oscillations 
are most likely to 
occur in this gain. If possible, use the device in a noise gain 
of two or greater to improve phase margin and reduce the 
susceptibility 
to oscillation. 
(Note 
that, 
from 
a stability 
standpoint, 
an inverting 
gain of -1 VN is equivalent 
to a 
noise gain of 2.) Gain and phase response for other gains are 
shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA646 
in a good 
layout is 
very flat with frequency. 
However, 
some circuit 
configurations 
such as those where 
large feedback 
resis- 


tances are used, can produce high-frequency 
gain 
peaking. 
This 
peaking 
can 
be minimized 
by connecting 
a small 
capacitor in parallel with the feedback resistor. This capaci- 
tor compensates 
for the closed-loop, 
high frequency, transfer 
function zero that results from the time constant formed by 
the input capacitance 
of the amplifier (typically 2pF after PC 
board mounting), 
and the input and feedback resistors. The 
selected compensation 
capacitor 
may be a trimmer. a fixed 
capacitor, 
or a planned PC board capacitance. 
The capaci- 
tance 
value 
is strongly 
dependent 
on circuit 
layout 
and 
closed-loop 
gain. Using small resistor values will preserve 


the phase margin and avoid peaking 
by keeping 
the break 
frequency 
of this zero sufficiently 
high. When high closed- 
loop 
gains 
are 
required, 
a three-resistor 
attenuator 
(tee 
network) 
is recommended 
to avoid using large value resis- 
tors with large time constants. 


SETTLING 
TIME 


Settling time is defined as the total time required, 
from the 
input 
signal 
step, for the output 
to settle 
to within 
the 
specified error band around the final value. This error band 
is expressed 
as a percentage 
of the value 
of the output 
transition, 
a 2V step. Thus, settling time to 0.01 % requires 
an error band of ±200lJ.V centered 
around the final value 
of2V. 


Settling time, specified in an inverting gain of one, occurs in 
only 15ns to 0.01 % for a 2V step, making the OPA646 one 
of the fastest settling 
monolithic 
amplifiers 
commercially 
available. Settling time increases with closed-loop 
gain and 
output voltage change as described in the Typical Perform- 
ance 
Curves. 
Preserving 
settling 
time 
requires 
critical 
attention to the details as mentioned 
under "Wiring Precau- 
tions." 
The 
amplifier 
also 
recovers 
quickly 
from 
input 
overloads. 
Overload 
recovery time to linear operation 
from 
a 50% overload is typically 
only 65ns. 


In practice, 
settling 
time measurements 
on the OP A646 
prove to be very difficult to perform. Accurate measurement 
is next to impossible 
in all but the very best equipped 
labs. 
Among other things, a fast flat-top generator and high speed 
oscilloscope 
are needed. Unfortunately, 
fast flat-top genera- 
tors, which settle to 0.01 % in sufficient time, are scarce and 
expensive. Fast oscilloscopes, 
however, are more commonly 
available. For best results a sampling oscilloscope 
is recom- 
mended. 
Sampling 
scopes typically 
have bandwidths 
that 
are greater 
than 
1GHz and very low capacitance 
inputs. 
They also exhibit faster settling times in response to signals 
that would tend to overload a real-time 
oscilloscope. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DG) 
and Differential 
Phase 
(DP) 
are 
among the more important 
specifications 
for video applica- 
tions. DG is defined 
as the percent change in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop 
phase 
over the same output voltage change. Both DG and DP are 
specified 
at the NTSC sub-carrier 
frequency 
of 3.58MHz. 
DG 
and DP increase 
with 
closed-loop 
gain 
and 
output 
voltage transition. 
All measurements 
were performed 
using 
a Tektronix 
model VM700 Video Measurement 
Set. 
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SPICE 
MODELS 


The OPA646's 
harmonic 
distortion 
characteristics 
into a 
lOOn load are shown vs frequency 
and power output in the 
Typical Performance 
Curves. Distortion can be significantly 


improved 
by increasing 
the load resistance 
as illustrated 
in 
Figure 
6. Remember 
to include 
the contribution 
of the 
feedback 
resistance 
when 
calculating 
the 
effective 
load 
resistance 
seen by the amplifier. 
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FIGURE 6. 5MHz Harmonic Distortion vs Load Resistance 
with ~= 
402n. 


The OPA646 voltage and current noise spectral densities are 
specified in the Typical Performance 
Curves. For RF appli- 


cations, however, 
Noise Figure (NF) is often the preferred 
noise specification 
since it allows system noise performance 
to be more easily calculated. The OPA646's 
Noise Figure vs 
Source Resistance 
is shown in Figure 7. 
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Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 


This is particularly 
true for Video and RF amplifier circuits 


where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. 
SPICE models are available 
for the OPA646. Contact Burr-Brown 
Applications 
Depart- 
ment to receive a spice diskette. 


The inherent 
reliability 
of a semiconductor 
device is con- __ 


trolled by the design, materials and fabrication 
of the device 
-it 
cannot be improved 
by testing. 
However, 
the use of 


environmental 
screening can eliminate the majority of those 
units which would fail early in their lifetimes (infant mortal- 
ity) through the application 
of carefully selected accelerated 
stress levels. Burr-Brown 
"Q-Screening" 
on the HSQ grade 
provides environmental 
screening to our standard industrial 
products, 
thus enhancing 
reliability. 
The 
screening 
illus- 
trated in the following 
table is performed 
to selected stress 
levels similar to those of MIL-STD-883. 


SCREEN 
METHOD 


Internal 
Visual 
Burr·Brown QC4118 


Stabilization 
Bake 
Temperature 
= 150°C. 24 hrs 


Temperature 
Cycling 
Temperature 
= -65°C 
to 150°C, 
10 cycles 


Burn-In Test 
Temperature::: 
125°C, 
160 hrs minimum 


Centrifuge 
20000G 


Hermetic 
Seal 
Fine: He leak rate < 5 x 1()-" atm ccJs. 30PSiG 
Gross: per Fluorocarbon 
bubble test. 60PSiG 


Electrical 
T esls 
As described 
in specifications 
tables. 


External 
Visual 
Burr-Brown QC5150 


Demonstration 
boards to speed prototyping 
are available. 


Refer to the DEM-OPA64X 
Data Sheet for details. 
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o 


Video 
~ 


Input 7 


c, 


~ 
1000pF 
Ie 
.1MHz 


BW. 
20kHz at-3dB 


Q 
:50 


L~ 


NOTE: (1) SelectJ" 
J,and A" 


R2 to set input stage current for 


optimum 
performance. 


Differential 
Output 
~J 
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Single- 


r-) 
Ended 
~ 
Output 
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VOUT= 
¥+AvVAC 


/' 
ROUTt 


BURR - BROWN® 
IElElI 


DEMO 
BOARD 
AVAILABLE 
see Appendix A 


ULTRA-WIDEBAND CURRENT 
FEEDBACK OPERATIONAL AMPLIFIER 


• 
WIDE BANDWIDTH: 
1GHz 


• 
LOW DIFFERENTIAL 
GAINIPHASE 
ERRORS: 0.02%/0.02° 


• 
GAIN FLATNESS: 
0.1dB to 100MHz 


• 
FAST SLEW RATE: 1200Vl~s 


• 
CLEAN 
PULSE 
RESPONSE 


• 
UNITY GAIN STABLE 


• 
HIGH·SPEED 
SIGNAL 
PROCESSING 


• 
HIGH-RESOLUTION 
CRT PREAMP 


• 
HIGH-RESOLUTION 
VIDEO 


• 
PULSE AMPLIFICATION 


• 
IF SIGNAL 
PROCESSING 


• 
DAC IN CONVERSION 


• 
ADC BUFFER 


The OPA648 is an ultra high bandwidth 
current feed- 


back operational 
amplifier. 
The current feedback 
ar- 
chitecture also allows for a very high slew rate, which 
gives excellent 
large signal bandwidth, 
even at high 


gains. 
The high slew rate and well-behaved 
pulse 


response allow for superior large signal amplification 
in a variety of RF, video and other signal processing 
applications. 
Fabricated 
on an advanced complemen- 
tary bipolar process, 
the OPA648 
offers exceptional 


performance 
in monolithic 
form. 
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SPECIFICATIONS 


OPA648H, 
P, U 
co 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
~ 
FREQUENCY 
RESPONSE 
CD 
Small Signal Bandwidthl!) 
G = +1 
1.0 
GHz 
~ 
G "" +~~ 
600 
MHz 
Slew 
Rate(2) 
G. 
+2, lV Step 
1200 
V/Jls 
0 
Settling Time 
0.01% 
G. 
+2, lV Step 
20 
ns 
0.1% 
G = +2, lV Step 
9 
ns 
1% 
G = +2, lV Step 
3 
ns 
Spurious 
Free Dynamic Range 
G = +2, f = 5.0MH>:, Vo = 2Vp-p 
60 
dBc 
G = +2, f = 20.0MHz, 
Vo = 2Vp-p 
. 
51 
dBc 


Differential 
Gain, G = +2 
3.58MHz, 
Vo = l.4Vp-p, 
RL = 150n 
0.02 
% 
CJ) 
Differential 
Phase, G "" +2 
3.58MHz, 
Vo = 1.4Vp-p, RL = 150n 
0.02 
degrees 
~ 
Gain Flatness 
DC to 100MHz 
0.1 
dB 


OFFSET VOLTAGE 
W 


Input Offset Voltage 
±2 
±6 
mV 
u:: 
Average 
Drift 
±10 
JlVrC 
::i 
Power Supply Rejection Ratio 
Vs = ±4.5 to ±5.5V 
45 
58 
dB 
Q. 


INPUT BIAS CURRENT 
== 
Non-Inverting 
±12 
±65 
JlA 
Over Specified Temperature 
±30 
±95 
JlA 
c:( 


Inverting 
±20 
±65 
J1A 
..J 
Over Specified Temperature 
±50 
±95 
JlA 
c:( 
NOISE 
Input Voltage Noise 
Z 


Noise 
Density, 
f = 1DOHz 
10.4 
nV/v'Hz 
0 
f = 1kHz 
2.3 
nV/v'Hz 


~ 
f. 
10kHz 
2.3 
nV/v'Hz 


f = lMHz 
2.3 
nV/v'Hz 


Voltage Noise, BW = 10Hz to 200M Hz 
32.5 
IlVrms 
~ 
Input Bias Current Noise 
I 
W 
Current Noise Density, f ::::O.t Hz to 20kHz 
15 
pNv'Hz 
Q. 


INPUT VOLTAGE 
RANGE 
0 
Common-Mode 
Input Range 
±2 
±2.25 
V 


Common-Mode 
Rejection 
VCM = ±0.5V 
35 
55 
dB 


INPUT IMPEDANCE 
Non-inverting 
22 II 0.75 
kn II pF 
Inverting 
20 
n 


OPEN-LOOP 
TRANSIMPEDANCE 
Open-Loop 
Transimpedance 
Vo = ±2V, Rl. = lkn 
100 
165 
kn 


OUTPUT 
Current Output 
33 
45 
mA 
Over Specified Temperature 
25 
40 
mA 
Voltage Output 
No Load 
Over Specified Temperature 
±2.75 
±3.0 
V 
Voltage Output 
RL = 150n 
±2.2 
±2.5 
V 
Over Specified Temperature 
±2.0 
±2.3 
V 
Short-Circuit 
Current 
75 
mA 
Output Resistance 
1MHz, G = +2VN 
0.08 
n 


POWER SUPPLY 
Specified Operating 
Voltage 
TM1N to TMAX 
±5 
V 
Operating 
Voltage Range 
TMIN to TMAX 
±4.5 
±5.5 
V 
Quiescent 
Current 
±13 
±20 
mA 
Over Specified Temperature 
±15 
±23 
mA 


TEMPERATURE 
RANGE 
Specification 
Ambient 
-40 
+85 
°C 
Storage 
Ambient 
-55 
+150 
°c 
Thermal 
Resistance, 
8JA 
p 
120 
°CIW 
U 
170 
°CIW 
H 
120 
°CIW 
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Supply 
±S.SVDC 
Internal 
Power 
Dissipation{l) 
See Thermal 
Considerations 


Differential 
Input Voltage 
.. 
. 
Total Vs 


Input Voltage Range 
±SV 
Storage Temperature 
Range: H.. 
. 
-<3S·C to +lS0·C 


P.. 
. 
-40·C 
to +12S·C 
Lead Temperature 
(soldering, 
10s) 
+300·C 


(soldering, 
SO-8 3s) 
. 
+260·C 
Junction Temperature 
(TJ).. 
. 
+17S·C 


NOTE: (1) Packages must be derated based on specified OJ" Maximum 
TJ 
must be observed. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


OPA648H 
8~PinCeramic 
Sidebraze 
DIP 
lS7 
OPA648P 
8-Pin Plastic Single-Wide 
DIP 
006 
OPA648U 
a-Pin Surlace 
Mount 
182 


TEMPERATURE 


MODEL 
PACKAGE 
RANGE 


OPA648H 
a-Pin Ceramic 
Sidebraze 
DIP 
-40·C 
to +8S·C 
OPA648P 
8-Pin Plastic Single-Wide 
DIP 
-40°C 
to +85°C 
OPA648U 
a-Pin Surface 
Mount 
-40·C 
to +8S·C 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure, Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate 
ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 
fications. 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such Informatfon 
shall be entirely at the user's own risk. Prices and specifications 
are SUbject 
to change 


without notice. No patent rights or licenses to any oftha circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize 
or warrant 
any BURR· BROWN product for use in life support devices 
and/or systems. 
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TYPICAL PERFORMANCE CURVES (CO NT) 


-6 


-7 
-8 


-9 
_ 
-10 
1-11 
•• 
- 
-12 


-13 


-14 


-15 


-16 
-55 


__I-- 
/' 
- 
/' 
/' 
/' 
V 
--- 


-40 
25 
85 


Temperature 
(0C) 


iil~ 
<: 
-3 


.iij 
<.!) 


-6 


-9 


I 
11111111 
I 


01P Bandwid1h 1.1GHz 


- 
'\ 
\ 
•... 


50-8 Bandwid1h 1.5GHz .. 
····: 1\ 


10M 
100M 


Frequency (Hz) 


- 


- 


""-r-- 
- 
V 
SO-810IP 
Bandwid1h292MHz 
- 


- 


iil 11 
~ 
<: 
.iij 


<.!) 
8 


10M 
100M 


Frequency (Hz) 


"- 
I'.I'-. olJlllLl 


I'.i' 
"- 
Open-Loop Phas 
" 
e 
~ \ 


0 


-45 
- 


-90 
~ 
.c:a. 


-135 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products Ie-e-I 


iil~ 
<: 
20 
~ 


100k 
1M 
10M 
100M 


Frequency (Hz) 


12 


6 
iil~ 
<: 
.iij 
<.!) 


-3 


,...- 


II11I 
[ 


I-- 
SO-8 
Bandwid1h 
r-- 
- - 
717ff-- 


I-- 
-f-- 


DIP Bandwidth 612MHz 
I-- 


\ 
I-- 


\ 
'-- 
\ 


10M 
100M 


Frequency (Hz) 


-.-- 


So-8IDIP 
\ 
Bandwidth 102MHz 


iil 
17 
~ 
<: 


~ 
14 


10M 
100M 


Frequency (Hz) 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 
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APPLICATIONS INFORMATION 


THEORY 
OF OPERATION 


This current feedback 
architecture 
offers the following 
im- 
portant advantages 
over voltage feedback architectures: 
(I) 
the high slew rate allows the large signal performance 
to 
approach the small signal performance, 
and: (2) there is less 
bandwidth 
degradation 
at higher gain settings. 


The circuit 
in Figure 
I shows 
the equivalent 
circuit 
for 
calculating 
the DC gain. When operating 
the device in the 
inverting 
mode, the input signal error current (Iv is ampli- 
fied by the open-loop transimpedance 
gain (To). The output 
signal generated 
is equal to To X IE' Negative 
feedback 
is 
applied through RFB such that the device operates at a gain 
equal to -RFBIRFF. 


s ~o 
:9- 
c: 
-70 


.2 
1:~ 
is 
-80 


.Qi -90 


J: -100 


2 
3 


Output 
SWing (Vp-p) 


For non-inverting 
operation, the input signal is applied to the 
non-inverting 
(high impedance 
buffer) 
input. 
The output 
(buffer) error current (IE) is generated at the low impedance 
inverting 
input. The signal generated 
at the output 
is fed 
back to the inverting input such that the overall gain is (I + 


RFBIRFF)· 


Where a voltage-feedback 
amplifier 
has two symmetrical 
high impedance 
inputs, a current feedback 
amplifier 
has a 
low inverting 
(buffer 
output) 
impedance 
and a high non- 
inverting 
(buffer input) impedance. 


The closed-loop 
gain for the OPA648 
can be calculated 
using the following 
equations: 


-(~) 
Inverting Gain = 
1+ 
I 
Loop Gain 


[1+ ::] 
Non-Inverting 
Gain = 
I 
1+---- 


Loop Gain 


Wh~LooPG··"rR~+R~G+tJ1 


At higher gains the small value inverting 
input impedance 


causes an apparent loss in bandwidth. 
This can be seen from 
the equation: 


fACTUAL 
BW = 
fIDEAL 
BW 
[1+( :~ )X(I + ::)] 
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OFFSET VOLTAGE 
AND NOISE 


The output offset is the algebraic 
sum of the inpu.t voltage 
and current sources that influence DC operation. The output 
offset is calculated 
by the following 
equation: 


Output Offset Voltage = ±IbN X RN (l + RFB~) 
±V10 (4) 
(1 + RFBlRa) ±IbI x RFE 


If all terms are divided by the gain (1 + RF~)' 
it can be 
observed 
that 
input 
referred 
offsets 
improve 
as 
gain 
increases. 


The effective 
noise at the output 
of the amplifif,r can be 
determined by taking the root sum of the squares of equation 
4 and applying the spectral noise values found in the Typical 
Performance 
Curve-graph 
section. 
This 
applies 
to noise 
from the op amp only. Note that both the noise figure and 
equivalent 
input offset voltages improve as the closed-loop 
gain 
increases 
(by 
keeping 
RF fixed 
and 
reducing 
R1 with RN = On). 


Maximizing 
the OPA648's 
capability requires some wiring 
precautions 
and high-frequency 
layout techniques. 
Oscilla- 
tion, ringing, poor bandwidth and settling, gain peaking, and 
instability 
are typical 
problems 
plaguing 
all high-speed 
amplifiers 
when they are improperly 
used. In general, 
all 
printed circuit board conductors 
should be wide to provide 
low resistance, 
low impedance 
signal paths. They should 
also be as short 
as possible. 
The entire 
physical 
circuit 
should be as small as practical. Stray capacitances 
should be 
minimized, 
especially 
at high impedance 
nodes, such as the 
amplifier's 
input terminals. 
Stray signal coupling 
from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) 
to minimize 
lead 
inductance, 
and low values 
of 
resistance should be used. This will minimize time constants 
formed 
with the circuit 
capacitances 
and will 
eliminate 
stray, parasitic circuits. 


Grounding 
is the most important 
application 
con,;ideration 
for the OPA648, 
as it is with all high-frequency 
circuits. 


Oscillations 
at high frequencies 
can easily occur if good 
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signal 
pickup, 
provide 
a low resistance, 
low inductance 
common return path for signal and power, and can conduct 
heat from active circuit package 
pins into ambient 
air by 
convection. 
co 
~ 
CD 
Supply bypassing 
is extremely 
critical and must always be 
'!!- 
used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
••• 
power supply leads should be bypassed to ground as close as 0 
possible to the amplifier pins. Tantalum 
capacitors 
(2.2I1F) 
with very short leads are recommended. 
A parallel O.II1F" 
ceramic must also be added. Surface-mount 
bypass capaci-'- 
tors will produce 
excellent 
results 
due to their low lead 
inductance. 
Additionally, 
suppression 
filters can be used to 
isolate noisy supply lines. 
Properly 
bypassed 
and modula- 
tion-free power supply lines allow full amplifier output and 
optimum 
settling time performance. 


Points to Remember 
1) Making use of all four power supply pins will lower the 
effective 
power 
supply 
inductance 
seen by the input and 
output 
stages. This will improve 
the AC performance 
in- 
cluding lower distortion. 
The lowest distortion 
is achieved 
when running separated traces to VS1 and VS2' Power supply 
bypassing 
with O.OII1Fand 2.211F surface mount capacitors 
is recommended. 
It is essential to keep the O.II1F capacitor 
very close to the power supply pins. Refer to the demonstra- 
tion 
board 
figure 
in the 
DEM-OPA64X 
datasheet 
for 
the 
recommended 
layout 
and 
component 
placements. 


(2) Whenever possible, use surface mount. Don't use point- 
to-point wiring as the increase in wiring inductance 
will be 
detrimental to AC performance. 
However, if it must be used, 


very short, direct signal paths are required. The input signal 
ground return, the load ground return, and the power supply 
common should all be connected 
to the same physical point 
to eliminate 
ground 
loops, 
which 
can 
cause 
unwanted 
feedback. 


3) Surface mount on the backside 
of the PC Board. Good 
component 
selection is essential. Capacitors 
used in critical 
locations should be a low inductance type with a high quality 
dielectric 
material. 
Likewise, 
diodes used in critical 
loca- 
tions should be Schottky 
barrier 
types, 
such as HP5082- 
2835 for fast recovery 
and minimum 
charge storage. Ordi- 
nary diodes will not be suitable in RF circuits. 


4) Whenever 
possible, 
solder the OPA648 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 
capacitance 
and inductance, 
which can seriously 
degrade 
AC performance 
or produce oscillations. 


5) Use a small feedback 
resistor 
(usually 
243n) 
in unity- 
gain voltage follower applications 
for the best performance. 


For gain configurations, 
resistors used in feedback networks 
should have values of a few hundred ohms for best perfor- 
mance. 
Shunt 
capacitance 
problems 
limit the acceptable 
resistance range to about lill 
on the high end and to a value 
that is within the amplifier's 
output drive limits on the low 
end. Metal film and carbon resistors will be satisfactory, 
but 
wirewound 
resistors (even "non-inductive" 
types) are abso- 


lutely 
unacceptable 
in high-frequency 
circuits. 
Feedback 
resistors 
should be placed directly between 
the output and 
the inverting 
input on the backside 
of the PC board. This 
placement 
allows 
for the shortest 
feedback 
path and the 
highest 
bandwidth. 
A longer feedback 
path than this will 


decrease 
the realized bandwidth 
substantially. 
Refer to the 
demonstration 
board layout at the end of the datasheet. 


6) Surface-mount 
components 
(chip resistors, 
capacitors, 
etc.) have low lead inductance 
and are therefore 
strongly 
recommended. 
Circuits using all surface-mount 
components 
with the OPA648U 
(SO-8 package) 
will offer the best AC 
performance. 
The 
parasitic 
package 
impedance 
for the 
SO-8 is lower than the both the 8-pin Ceramic 
and 8-pin 
Plastic DIP. 


7) Avoid 
overloading 
the output. 
Remember 
that output 
current must be provided by the amplifier 
to drive its own 


feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


8) Don't 
forget 
that these 
amplifiers 
use ±5V 
supplies. 


Although 
they will operate 
perfectly 
well with +5V and 


-5.2V, 
use of ±15V supplies will destroy the part. 


9) Standard 
commercial 
test equipment 
has not been de- 
signed to test devices in the OPA648's 
speed range. Bench- 


top op amp testers and ATE systems will require a special 
test head to successfully 
test these amplifiers. 


10) Terminate 
transmission 
line loads. Unterminated 
lines, 
such as coaxial cable, can appear to the amplifier 
to be a 
capacitive 
or inductive 
load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 


II) 
Plug-in prototype boards and wire-wrap boards will not 


be satisfactory. 
A clean 
layout 
using 
RF techniques 
is 
essential; 
there are no shortcuts. 


INPUT PROTECTION 


Static damage has been well recognized 
for MOSFET 
de- 
vices, 
but any semiconductor 
device 
deserves 
protection 


from this potentially 
damaging 
source. The OPA648 incor- 


porates on-chip ESD protection diodes as shown in Figure 3. 
This eliminates 
the need for the user to add external protec- 
tion diodes, 
which can add capacitance 
and degrade 
AC 
performance. 


+vcc 
ESO Protection 
diodes internally 


~emal ~ I :n~~ct: 
::11 P::~emal 


Pin 
~ 
CirCUitry 


-vcc 


All pins on the OP A648 are internally protected from ESD 
by means of a pair of back-lo-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 


by about 0.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 
present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, however, diode current should be externally 
lim- 
ited to 10mA or so whenever 
possible. 


The OPA648 
utilizes 
a fme geometry 
high speed process 
that withstands 
500V using the Human 
Body Model 
and 
looV using the machine model. However, static damage can 
cause subtle changes in amplifier input characteristics 
with- 
out necessarily 
destroying 
the device. 
In precision 
opera- 
tional amplifiers, this may cause a noticeable degradation 
of 
offset voltage and drift. Therefore, static protection is strongly 
recommended 
when handling 
the OPA648. 


OUTPUT 
DRIVE CAPABILITY 


The OPA648 
has been optimized 
to drive 75n 
and loon 
resistive loads. This high-output 
drive capability 
makes the 
OPA648 
an ideal choice for a wide range of RF, IF, and 
video applications. 
In many cases, additional 
buffer ampli- 


fiers are unneeded. 


Many 
demanding 
high-speed 
applications 
such 
as 
ADCIDAC 
buffers 
require 
op amps with low wideband 
output impedance. 
For example, 
low output impedance 
is 
essential when driving the signal-dependent 
capacitances 
at 


the inputs 
of flash AID converters. 
As shown in Figure 4, 


the OPA648 maintains 
very low closed-loop 
output imped- 
ance 
over 
frequency. 
Closed-loop 
output 
impedance 
in- 
creases with frequency 
since loop gain is decreasing 
with 
frequency. 


O~ 
0.01 


1M 
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THERMAL 
CONSIDERATIONS 


The OPA648 
does not require a heat sink for operation 
in 


most environments. 
At extreme temperatures 
and under full 
load conditions 
a heat 
sink may be necessary. 


The internal 
power 
dissipation 
is given 
by the equation 


Po = PDQ+ POL' where PDQis the quiescent power dissipa- 
tion and POLis the power dissipation 
in the output stage due 
to the load. (For ±Vs = ±5V, PDQ= lOV x 23mA = 230mW, 
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max). For the case where the amplifier is driving a grounded 
load (RL) with a DC voltage (±VOUT)' the maximum 
value 
of PDL occurs 
at 
±VOUT = ±Vs/2, 
and is equal to PDL, 
max = (±V S)2 14RL• Note that it is the voltage 
across the 
output transistor, and not the load, that determines the power 
dissipated 
in the output stage. 


The short-circuit 
condition represents the maximum 
amount 
of internal 
power 
dissipation 
that can be generated. 
The 
variation of output current with temperature 
is shown in the 
Typical Performance 
Curves. 


CAPACITIVE 
LOADS 


The OPA648' s output stage has been optimized to drive low 
resistive loads. Capacitive 
loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 
peaking 
or oscillations. 
Capacitive 
loads greater than SpF 
should be buffered by connecting 
a small resistance, usually 
sn 
to 40n, 
in series with the output as shown in Figure S. 


This is particularly 
important when driving high capacitance 
loads such as flash AID converters. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot for RG-S8) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


COMPENSATION 


The OPA648 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
68°. (Note that, 
from a stability 
standpoint, 
an inverting 
gain of -IVN is 
equivalent 
to a noise gain of 2.) Gain and phase response for 
other gains are shown in the Typical Performanc{' Curves. 


The high-frequency 
response 
of the OPA648 
in a good 
layout is very flat with frequency. 


The OPA648's 
harmonic 
distortion 
characteristics 
into a 
lOOn load are shown vs frequency 
and power output in the 
Typical Performance 
Curves. Distortion 
can be further im- 
proved 
by increasing 
the load resistance 
as illustrated 
in 
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Figure 
6. Remember 
to include 
the contribution 
of the 
feedback resistance 
when calculating 
the effective 
load re- 
sistance seen by the amplifier. 
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FIGURE 6. SMHz Harmonic Distortion vs Load Resistance. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential Gain (DG) and Differential Phase (DP) are among 
the more important specifications 
for video applications. 
DG 
is defined as the percent change in closed-loop 
gain over a 
specified change in output voltage level. DP is defined as the 
change in degrees of the closed-loop 
phase over the same 
output voltage change. Both DG and DP are specified at the 
NTSC 
sub-carrier 
frequency 
of 3.S8MHz 
and the PAL 
subcarrier 
of 4.43MHz. 
All NTSC 
measurements 
were 
performed 
using 
a Tektronix 
model 
VM700A 
Video 
Measurement 
Set. 


DG and DP of the OPA648 were measured with the amplifier 
in a gain of +2VN 
with 7Sn input impedance and the output 
back-terminated 
in 7Sn. The input signal selected from the 
generator was a OV to 1.4V modulated ramp with sync pulse. 
With these conditions 
the test circuit 
shown 
in Figure 
7 
delivered a lOOIRE modulated ramp to the 7Sn input of the 
video analyzer. The signal averaging feature of the analyzer 
was used to establish areference against which the performance 
of the amplifier was measured. Signal averaging was also used 
to measure 
the DG and DP of the test signal in order to 
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FIGURE 
7. 
Configuration 
for 
Testing 
Differential 
GainlPhase. 


performance. 
Typical performance 
of the OPA648 is 0.02% 
differential 
gain and 0.020 differential 
phase to both NTSC 
and PAL standards. 


NOISE FIGURE 


For RF applications, 
Noise Figure (NF) is often the preferred 
noise specification 
instead of Noise Spectral Density since it 
allows system noise performance 
to be more easily calcu- 
lated. The OPA648's 
Noise Figure vs Source Resistance 
is 
shown in Figure 8. 
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Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 


This is particularly 
true for video and RF amplifier circuits 


where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. 
SPICE Macromodels 
using 
PSpice are available for the OPA648. Contract Burr-Brown 
applications 
departments 
to receive a SPICE Diskette. 


DEMONSTRATION 
BOARDS 


Demonstration 
boards to speed prototyping 
are available. 


Refer to the DEM-OPA64X 
(LI-445) data sheet for details. 


~ 
vour 
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Wideband, 
Low Power Voltage Feedback 
OPERATIONAL 
AMPLIFIER 


• 
LOW POWER: 
50mW 


• 
UNITY GAIN STABLE 
BANDWIDTH: 
560MHz 


• 
LOW HARMONICS: 
-77dBc 
at 5MHz 


• 
FAST SETTLING 
TIME: 20n8 to 0.01% 


• 
LOW INPUT BIAS CURRENT: 
5JlA 


• 
DIFFERENTIAL 
GAIN/PHASE 
ERROI~: 
0.01%/0.030 


• 
HIGH OUTPUT 
CURRENT: 
85mA 


• 
HIGH RESOLUTION 
VIDEO 


• 
BASEBAND 
AMPLIFIER 


• 
CCD IMAGING 
AMPLIFIER 


• 
ULTRASOUND 
SIGNAL 
PROCESSING 


• 
ADC/DAC 
GAIN AMPLIFIER 


• 
ACTIVE 
FILTERS 


• 
HIGH SPEED INTEGRATORS 


• 
DIFFERENTIAL 
AMPLIFIER 
1. 
~: 


Non-Inverting 
. J 


Input~ 


<" 
<" 
Inverting 
"'t- 
Input 0--- 


The OPA650 is a low power, wideband voltage feed- 
back operational 
amplifier. 
It features 
a high band- 
width of 560MHz as well as a l2-bit settling time of 
only 20ns. The low distortion allows its use in commu- 
nications applications, 
while the wide bandwidth 
and 
true differential 
input stage make it suitable for use in 
a variety of active filter applications. 
Its low distortion 
gives 
exceptional 
performance 
for telecommunica- 
tions, medical imaging and video applications. 


The OPA650 is internally compensated 
for unity-gain 
stability. This amplifier has a fully symmetrical 
differ- 
ential input due to its "classical" 
operational 
amplifier 
circuit architecture. 
Its unusual combination 
of speed, 


accuracy and low power make it an outstanding 
choice 
for many portable, multi-channel 
and other high speed 
applications, 
where power is at a premium. 


The OPA650 is also available in dual (OPA2650) 
and 
quad (OPA4650) 
configurations. 


-vs 


InternaUonal Airport Industrial 
Park 
' 
Mailing Address: 
PO Box 11400 
' 
Tucson, AZ 85734 
' 
Street Address: 6730 S. Tucson Blvd. 
' 
Tucson, AZ 85706 
Tel: (520) 746-1111 
• 
Twx: 910-952·1111 
' 
Cable: BBRCORP 
, 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
' 
Immediate Producllnfo: 
(800) 548-6132 


BURR - BROWNe 
,ElEI' 


For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


OPA650P, 
U, N 
OPA650PB, 
UB, NB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 
Closed-Loop 
Bandwidth(2) 
G = +1 
560 
*(1) 
MHz 
G = +2 
140 
MHz 
G. 
+5 
37 
MHz 
G = +10 
18 
MHz 
Gain Bandwidth 
Product 
180 
MHz 
Slew Aate 
G = +1, 2V Step 
240 
VlIlS 
Over Specified Temperature 
220 
"c:' 
V/IlS 


Rise Time 
0.2V Step 
1 
-".. 
. 
ns 


Fall Time 
0.2V Step 
1 
1 
ns 
Settling Time 
0.01% 
G = +1, 2V Step 
19.6 
ns 
0.1% 
G = +1, 2V Step 
10.2 
ns 
1% 
G = +1, 2V Step 
6.3 


I'" ~ 


ns 
Spurious 
Free Dynamic 
Range 
G = +1, f = 5.0 MHz, Vo = 2Vp-p 
AL = lOon 
73 
dBc 
AL = 200n 
77 
dBc 
Differential 
Gain 
G. 
+1, NTSC, Vo = l.4Vp, 
AL = 150n 
0.01 
% 


Differential 
Phase 
G = +1, NTSC, Vo' 
l.4Vp, 
AL = 150n 
0.03 
Degrees 
Bandwidth 
for 0.1dB Gain Flatness 
G = +2 
25 
MHz 


INPUT OFFSET 
VOLTAGE 
Input Offset Voltage 
±1 
±5 
0.6 
±2.5 
mV 
Average 
Drift 
±3 
IlvrC 
Power Supply Aejection 
(+Vs) 
IVsl = 4.5V to 5.5V 
60 
76 
70 
dB 
(-Vsl 
47 
53 
50 
dB 


INPUT BIAS CURRENT 
Input Bias Current 
VCM = OV 
5 
20 
10 
IlA 
Over Temperature 
30 
20 
IlA 
Input Offset Current 
VCM = OV 
0.5 
1 
0.2 
0.5 
IlA 
Over Temperature 
3 
2 
IlA 


NOISE 
Input Voltage Noise 
nV/"Hl 
Noise Density, f = 100Hz 
43 
f = 10kHz 
9.4 
nVl"Hl 


f = 1MHz 
8.4 
.- 
nV/"Hl 
f = lMHz 
to 100MHz 
8.4 
nV/"Hl 
Integrated 
Noise, BW = ,10Hz to 100MHz 
84 
IlVrms 
Input Bias Current Noise 
I 
. .... 
pAi"Hl 
Current Noise Density, f = O.lMHz 
to 100MHz 
1.2 
Noise Figure (NFl 
As = 10kn 
4 
dB 
As = 50n 
19.5 
dB 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±2.8 
V 
Over Specified Temperature 
±2.2 
V 
Common-Mode 
Rejection 
VCM = ±0.5V 
65 
90 
70 
dB 


INPUT IMPEDANCE 
Differential 
15111 
kn II pF 
Common-Mode 
16111 
Mn II pF 
OPEN·LOOP 
GAIN 
Open-Loop 
Voltage Gain 
Vo = ±2V, AL = loon 
45 
51 
46 
dB 
Over Specified Temperature 
Vo = ±2V, AL = lOOn 
43 
44 
dB 


OUTPUT 
Voltage Output 
Over Specified Temperature 
No Load 
±2.2 
±3.0 
±2.4 
V 
AL = 250n 
±2.2 
±2.5 
±2.4 
V 


AL = lOon 
±2.0 
±2.3 
±2.2 
V 
Current Output, Sourcing 
75 
110 
mA 
Over Specified Temperature 
65 
mA 
Current Output, Sinking 
65 
85 
mA 
Over Specified Temperature 
35 
mA 
Short Circuit Current 
150 
mA 
Output Resistance 
O.lMHz, 
G = +1 
0.08 
n 


POWER SUPPLY 
Specified Operating 
Voltage 
±5 
V 
Derated Voltage Aange 
±4.5 
±5.5 
V 
Quiescent 
Current 
±5.1 
±7.75 
±5.1 
±6.5 
mA 
Over Specified Temperature 
±8.75 
±7.5 
mA 


TEMPERATURE 
RANGE 
Specification: 
P, U, N, PB, UB, NB 
-40 
+85 
·C 
Thermal 
Resistance, 
9JA 
P 
8-Pin DIP 
100 
·CIW 
U 
SO-8 
125 
·CIW 
N 
SOT23-5 
150 
·CIW 
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Supply........ 
.. 
±5.5V 
Internal 
Power 
Dissipation 
See Thermal 
Conditions 
Differential 
Input Voltage 
.. 
±1.2V 
Input Voltage Range 
.. 
±Vs 
Storage Temperature 
Range: P, PB, U, UB 
. -40'C 
to +125'C 
Lead Temperature 
(soldering, 
108) 
+300'C 
(soldering, 
SOIC 3s) 
+260'C 
Junction 
Temperature 
(TJ) 
_ 
+175°C 


A 
ELECTROSTATIC 


~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 


formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits re handled 
and stored using appropriate 
ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 
fications. 


DIPIS0-8 


NC 


+vs 
0 


output 
It) 
CD 


NC 


~0 


50123-5 


+Vs 


PACKAGE 
DRAWING 
TEMPERATURE 
PACKAGE 
ORDERING 
MODEL 
PACKAGE 
NUMBER!1I 
RANGE 
MARKING!') 
NUMBER 


OPA650U 
50-8 
Surface Mount 
182 
-40'C 
to +85'C 
OPA650U 
OPA650U 
OPA650UB 
50-8 
Surface Mount 
182 
-40'C 
to +85'C 
OPA650UB 
OPA650UB 
OPA650P 
8-Pin Plastic DIP 
006 
-40'C 
to +85'C 
OPA650P 
OPA650P 
OPA650PB 
8-Pin Plastic DIP 
006 
-40'C 
to +85'C 
OPA650PB 
OPA650PB 


PACKAGE 
DRAWING 
TEMPERATURE 
PACKAGE 
ORDERING 
MODEL 
PACKAGE 
NUMBERI') 
RANGE 
MARKING 
NUMBER 


OPA650N 
5-Pin SOT23-5 
331 
-40'C 
to +85'C 
- 
- 
OPA650NB 
5-Pin SOT23-5 
331 
-40'C 
to +85'C 
- 
- 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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DISCUSSION OF 
PERFORMANCE 


The OPA650 
is a low power, wideband 
voltage feedback 
operational 
amplifier. 
Each channel 
is internally 
compen- 
sated to provide unity gain stability. The OPA650's 
voltage 
feedback architecture features true differential and fully sym- 
metrical 
inputs. 
This minimizes 
offset errors, 
making 
the 
OPA650 well suited for implementing 
filter and im:trumen- 
tation designs. The OPA650's 
AC performance 
is optimized 
to provide a gain bandwidth 
product of 180MHz and a fast 
0.1 % settling time of 1O.2ns, which is an important consid- 
eration 
in high speed data conversion 
applications. 
Along 
with its excellent 
settling characteristics, 
the low DC input 
offset of ±lmV 
and drift of ±3IlV/"C support high accuracy 
requirements. 
In applications requiring a higher slew rate and 
wider bandwidth, 
such as video and high bit rate digital 


communications, 
consider the current feedback OPA658. 


CIRCUIT 
LAYOUT 
AND BASIC OPERATION 


Achieving optimum performance 
with a high frequency am- 
plifier like the OPA650 requires careful attention to layout 
parasitics and selection of external components. 
Recommen- 
dations for PC board layout and component selection include: 


a) Minimize 
parasitic 
capacitance 
to any ac ground for all 
of the signal 110 pins. Parasitic 
capacitance 
on thl~ output 
and inverting 
input pins can cause instability; 
on the non- 
inverting 
input it can react with the source impedance 
to 
cause unintentional 
bandlimiting. 
To reduce unwanted 
ca- 
pacitance, 
a window around the signal 110 pins s ould be 
opened in all of the ground and power planes. Otherwise, 
ground and power planes should be unbroken elsewhere 
on 
the board. 


b) Minimize 
the distance 
« 
0.25 n) from the two power pins 
to high frequency 
O.l~ 
decoupling 
capacitors. 
At the pins, 
the ground and power plane layout should not be in close 
proximity 
to the signal 110 pins. Avoid narrow power and 
ground traces to minimize inductance 
between the pins and 
the decoupling capacitors. Larger (2.2~ 
to 6.8~ 
de<:oupling 
capacitors, 
effective 
at lower frequencies, 
should 
also be 
used. 
These 
may 
be placed 
somewhat 
farther 
from 
the 
device and may be shared among several devices in the same 
area of the PC board. 


c) Careful 
selection 
and 
placement 
of external 
compo- 
nents will preserve 
the high frequency 
performam:e 
of the 
OPA6S0. 
Resistors 
should be a very low reactanee 
type. 
Surface mount resistors work best and allow a tighter overall 
layout. 
Metal 
film 
or carbon 
composition 
axially-leaded 
resistors can also provide good high frequency performance. 
Again, 
keep 
their leads 
as short as possible. 
Never 
use 
wirewound 
type resistors in a high frequency 
applic ation. 


Since the output pin and the inverting 
input pin are most 
sensitive to parasitic capacitance, 
always position the feed- 
back and series output resistor, if any, as close as possible to 
the package pins. Other network components, 
such as non- 
inverting 
input termination 
resistors, 
should also be placed 
close to the package. 


BURR-BROWNe 
,ElEI, 
Burr-Brown Ie Data Book-Linear 
Products 


Even 
with a low parasitic 
capacitance 
shunting 
external 
resistors, excessively 
high resistor values can create signifi- 
cant time constants 
and degrade performance. 
Good metal 
film or surface mount resistors have approximately 
0.2pF in 
shunt with the resistor. For resistor values> 
1.5ill, 
this adds 
a pole and/or 
zero below 500MHz 
that can affect circuit 
operation. Keep resistor values as low as possible consistent 
with output 
loading 
considerations. 
The 
402.Q feedback 
used for the Typical 
Performance 
Plots is a good starting 
point for design. Note that a 25,Q feedback 
resistor, rather 
than a direct short, is suggested 
for a unity gain follower. 


This effectively 
reduces the Q of what would otherwise 
be~ 
a parasitic inductance 
(the feedback wire) into the parasitic..- 


capacitance 
at the inverting 
input. 


d) Connections 
to other 
wideband 
devices 
on the board 
may be made with short direct traces or through on-board 
transmission 
lines. For short connections, 
consider the trace 
and the input to the next device as a lumped capacitive 
load. 
Relatively 
wide traces 
(50 to 100 mils) 
should 
be used, 
preferably 
with ground and power planes opened up around 
them. Estimate 
the total capacitive 
load and set R1SO from 
the plot of recommended 
R1SO vs capacitive 
load. 
Low 
parasitic 
loads may not need an R1so since the OP A650 is 
nominally compensated 
to operate with a 2pF parasitic load. 


If a long trace is required and the 6dB signal loss intrinsic to 
doubly terminated 
transmission 
lines is acceptable, 
imple- 
ment a matched impedance transmission line using microstrip 
or stripline techniques (consult an ECL design handbook for 
microstrip 
and stripline layout techniques). 
A 50n environ- 
ment is not necessary on board, and in fact a higher imped- 
ance environment 
will improve 
distortion 
as shown in the 
distortion 
vs load plot. With 
a characteristic 
impedance 
defined based on board material 
and desired 
trace dimen- 
sions, 
a matching 
series 
resistor 
into the trace from the 
output of the amplifier is used as well as a terminating 
shunt 
resistor 
at the input of the destination 
device. 
Remember 
also that the terminating 
impedance 
will be the parallel 
combination 
of the shunt resistor and the input impedance of 
the destination 
device; the total effective impedance 
should 
match the trace impedance. 
Multiple destination 
devices are 
best handled as separate transmission 
lines, each with their 
own series and shunt terminations. 


If the 6dB attenuation 
loss of a doubly terminated 
line is 
unacceptable, 
a long trace can be series-terminated 
at the 
source end only. This will help isolate the line capacitance 
from the op amp output, but will not preserve signal integrity 
as well as a doubly terminated 
line. If the shunt impedance 
at the destination 
end is finite, there will be some signal 
attenuation 
due to the voltage divider formed by the series 
and shunt impedances. 


e) Socketing 
a high speed 
part 
like the OPA6S0 
is not 
recommended. 
The additional 
lead length and pin-to-pin 
capacitance 
introduced 
by the socket creates an extremely 
troublesome 
parasitic 
network 
which can malce it almost 
impossible to achieve a smooth, stable response. Best results 
are obtained by soldering the part onto the board. If socket- 
ing for the DIP package 
is desired, 
high frequency 
flush 
mount pins (e.g., McKenzie 
Technology 
#71OC) can give 
good results. 


-~~--- - --- - -- ----------J 
-r- ----- - --- 
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power supplies. A 10% tolerance on the supplies, or an ECL 
-5.2V for the negative supply, is within the maximum speci- 
fied total supply voltage of 11V. Higher supply voltages can 
break down internal junctions possibly leading to catastrophic 
failure. Single supply operation is possible as long as com- 
mon mode voltage constraints 
are observed. 
The common 
mode input and output voltage specifications 
can be inter- 
preted as a required headroom to the supply voltage. Observ- 
ing this input and output headroom 
requirement 
will allow 
non-standard 
or single supply operation. Figure I shows one 
approach to single-supply 
operation. 


OFFSET VOLTAGE 
ADJUSTMENT 


If additional 
offset 
adjustment 
is needed, 
the CircUit 10 
Figure 
2 can be used without 
degrading 
offset drift with 
temperature. 
Avoid external adjustment 
whenever 
possible 
since extraneous 
noise, such as power supply noise, can be 
inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 
created 
by the amplifier's 
input bias currents. 
Whenever 
possible, 
match 
the impedance 
seen by both inputs 
as is 
shown with R3. This will reduce input bias current errors to 
the amplifier's 
offset current. 


NOTE: (1) R, is 
optional and can 
be used to cancel 
~ 
offset errors due 
V1N or Ground 
to input bias currents. 


Output 
Trim Range;: 
+Vs 
~ 
to 
-Vs-~ 


RTrim 
RTrim 


ESD damage 
has been well recognized 
for MOSFET 
de- 
vices, but any semiconductor 
device 
is vulnerable 
to this 
potentially 
damaging 
source. 
This is particularly 
true for 
very high speed, fine geometry 
processes. 


ESD damage 
can cause subtle changes 
in amplifier 
input 
characteristics 
without necessarily 
destroying 
the device. In 
precision operational 
amplifiers, this may cause a noticeable 
degradation 
of offset 
voltage 
and drift. 
Therefore, 
ESD 
handling precautions 
are strongly recommended 
when han- 
dling the OPA650. 


OUTPUT 
DRIVE CAPABILITY 


The OPA650 
has been optimized 
to drive 75n 
and lOOn 
resistive loads. The device can drive a 2Vp-p into a 75n load. 
This high-output drive capability makes the OPA650 an ideal 
choice for a wide range of RF, IF, and video applications. 
In 
many cases, additional buffer amplifiers 
are unneeded. 


Many demanding 
high-speed 
applications 
such as driving 
AID converters 
require op amps with low wideband 
output 
impedance. 
For example, low output impedance 
is essential 
when driving the signal-dependent 
capacitances 
at the inputs 
of flash AID converters. 
As shown in Figure 3, the OPA650 
maintains 
very low-closed 
loop output impedance 
over fre- 
quency. 
Closed-loop 
output impedance 
increases 
with fre- 
quency since loop gain is decreasing. 


1k 


100 
§: 
"g 
10 
'"~.s 
"% 
0 
0.1 


1Oak 
1M 
10M 


Frequency (Hz) 


THERMAL 
CONSIDERATIONS 


The OPA650 will not require heatsinking 
under most oper- 
ating 
conditions. 
Maximum 
desired junction 
temperature 
will limit the maximum 
allowed internal power dissipation 
as described below. In no case should the maximum junction 
temperature 
be allowed to exceed +175°C. 


Operating 
junction 
temperature 
(TJ) is given 
by TA 
+ 
PoOJA-The total internal power dissipation 
(Po) is a com- 
bination 
of the total quiescent 
power (POQ) and the power 
dissipated 
in of the 
output 
stage 
(POL) to deliver 
load 
power. 
Quiescent 
power 
is simply 
the specified 
no-load 
supply 
current 
times 
the total supply 
voltage 
across 
the 
part. POLwill depend on the required output signal and load 
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when the output is a fixed DC voltage equal to 1/2 of either 
supply 
voltage 
(assuming 
equal bipolar 
supplies). 
Under 
this condition, 
PDL = Vs2/(40RL) 
where RL includes 
feed- 


back network 
loading. Note that it is the power dissipated 
in the output 
stage 
and not in the load that determines 


internal 
power 
dissipation. 
As an example, 
compute 
the 
maximum 
TJ for an OPA6S0N at Av = +2, RL = 1000, RFB 
= 4020, 
±Vs = ±SV, with the output 
at IVsl2l, and the 


specified maximum TA = +8S°C. PD = IOV08.7SmA + (S2)1 
(40(1000118040)) 
= 
IS8mW. 
Maximum 
TJ = +8SoC + 
0.IS8WolSO°CIW 
= 109°C. 


DRIVING 
CAPACITIVE 
LOADS 


The OPA6S0's 
output stage has been optimized to drive low 
resistive loads. Capacitive loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 
peaking or oscillations. 
Capacitive 
loads greater than 10pF 
should be isolated by connecting 
a small resistance, 
usually 


ISO to 300, in series with the output as shown in Figure 4. 
This is particularly 
important when driving high capacitance 
loads such as flash AID converters. Increasing the gain from 
+ I will improve the capacitive 
load drive due to increased 
phase margin. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 


cable 
(29pF/foot 
for RG-S8) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


FREQUENCY 
RESPONSE 
COMPENSATION 


The OPA6S0 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
60°. However, 


the unity gain buffer is the most demanding 
circuit configu- 
ration for loop stability and oscillations 
are most likely to 
occur in this gain. If possible, use the device in a noise gain 
greater than one to improve 
phase margin and reduce the 
susceptibility 
to oscillation. 
(Note 
that, 
from 
a stability 
standpoint, 
an inverting 
gain of -IVN 
is equivalent 
to a 
noise gain of 2.) Frequency 
response 
for other gains are 


shown in the Typical Performance 
Curves. 


---- 
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layout is very flat with frequency. 
However, 
some circuit 
configurations 
such as those 
where 
large feedback 
resis- 
tances are used, can produce high-frequency 
gain peaking. 
This 
peaking 
can be minimized 
by connecting 
a small 
capacitor in parallel with the feedback resistor. This capaci- 
tor compensates 
for the closed-loop, 
high-frequency, 
trans- 
fer function zero that results from the time constant formed 
by the input capacitance 
of the amplifier (typically 2pF after 
PC board mounting), 
and the input and feedback 
resistors. 


The selected compensation 
capacitor 
may be a trimmer, 
a 
fixed capacitor, 
or a planned 
PC board capacitance. 
The~ 
capacitance 
value is strongly dependent on circuit layout and •••• 


closed-loop 
gain. Using small resistor values will preserve 
the phase margin and avoid peaking 
by keeping 
the break 
frequency 
of this zero sufficiently 
high. When high closed- 
loop 
gains 
are required, 
a three-resistor 
attenuator 
(tee- 
network) is recommended 
to avoid using large value resis- 
tors with large time constants. 


PULSE SETILING 
TIME 


High 
speed 
amplifiers 
like the OPA6S0 
are capable 
of 
extremely 
fast settling 
time with a pulse input. Excellent 
frequency response flatness and phase linearity are required 
to get the best settling times. As shown in the specifications 
table, settling time for a ±I V step at a gain of + I for the 
OPA6S0 is extremely 
fast. The specification 
is defined 
as 


the time required, after the input transition, 
for the output to 
settle within a specified error band around its final value. For 
a 2V step, 
I% settling 
corresponds 
to an error band of 
±20mV, 0.1 % to an error band of ±2mV, and 0.01 % to an 
error band of ±O.2mV. For the best settling times, particu- 
larly into an ADC capacitive load, little or no peaking in the 
frequency response can be allowed. Using the recommended 
R1SO for capacitive 
loads will limit this peaking and reduce 
the settling times. Fast, extremely fine scale settling (0.01 %) 
requires 
close 
attention 
to ground 
return 
currents 
in the 
supply decoupling capacitors. For highest performance, 
con- 


sider the OPA642 which isolates the output stage decoupling 
from the rest of the amplifier. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DG) 
and Differential 
Phase 
(DP) are 
among the more important 
specifications 
for video applica- 
tions. The percentage 
change 
in closed-loop 
gain over a 
specified 
change in output voltage level is defined as DG. 


DP is defined as the change in degrees of the closed-loop 
phase over the same output voltage change. DG and DP are 
both specified at the NTSC sub-carrier frequency of 3.S8MHz. 
DG and DP increase 
closed-loop 
gain and output voltage 
transition. 
All 
measurements 
were 
performed 
using 
a 


Tektronix 
model VM700 Video Measurement 
Set. 


The information 
provided herein is believed 
to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 


for the use of this information, 
and all use of such information 
shall be entiroly at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or 


licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant any BURR·BROWN 
product for use in life support 
devices 
and/or systems. 
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The OPA650's 
harmonic 
distortion 
characteristics 
into a 
lOOn load are shown versus frequency and power output in 
the typical performance 
curves. 
Distortion 
can be signifi- 
cantly improved 
by increasing 
the load resistance 
as illus- 
trated in Figure 5. Remember 
to include the contribution 
of 
the feedback 
network 
when calculating 
the effective 
load 
resistance 
seen by the amplifier. 


NOISE FIGURE 


The OPA650 
voltage noise spectral density is specified 
in 
the Typical Performance 
Curves. For RF applications, 
how- 
ever, Noise Figure (NF) is often the preferred noise specifi- 
cation since it allows system noise performance 
to be more 
easily calculated. 
The OPA650's 
Noise Figure 
vs Source 
Resistance 
is shown in Figure 6. 


SPICE MODELS 
AND EVALUATION 
BOARD 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 


This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. 
SPICE models and evaluation 
PC boards (DEM-OPA65xP) 
are available for the OPA650. 
Contact the Burr-Brown 
Applications 
Department 
to receive 
a SPICE diskette. 
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FIGURE 
9a. Evaluation 
Board Silkscreen 
(Bottom). 
9b. Evaluation 
Board Silkscreen 
(Top). 9c. Evaluation 
Board Layout 
(Solder Side). 9d. Evaluation 
Board Layout (Layout Side). 
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Wideband, 
Low Power Voltage Feedback 
OPERATIONAL 
AMPLIFIER 


• 
STABLE 
IN GAINS: 
~ 2VN 


• 
LOW POWER: 
50mW 


• 
GAIN-BANDWIDTH: 
940MHz 
at G = 2 


• 
FAST SETILING 
TIME: 
16ns to 0.01% 


• 
LOW HARMONICS: 
-78dB 
at 5MHz 


• 
LOW INPUT BIAS CURRENT: 
4J.1A 


• 
DIFFERENTIAL 
GAINIPHASE 
ERROR: 
0.010/010.025° 


• 
LOW VOLTAGE 
NOISE: 
4.6nVNHZ 


• 
HIGH RESOLUTION 
VIDEO 


• 
MONITOR 
PREAMPLIFIER 


• 
CCD IMAGING 
AMPLIFIER 


• 
ULTRASOUND 
SIGNAL 
PROCESSING 


• 
ADCIDAC 
GAIN AMPLIFIER 


• 
BASEBAND 
SIGNAL 
PROCESSING 


The OPA65 I is a low power, wideband 
voltage feed- 


back operational 
amplifier. 
It features a bandwidth 
at 


G = +2 of 470MHz as well as a l2-bit settling time of 
only l6ns. The wide bandwidth 
and true differential 


input stage make it suitable 
for use in a variety 
of 


applications. 
Its low distortion 
gives exceptional 
per- 
formance 
for telecommunications, 
medical 
imaging 


and video applications. 


The OPA65 I is compensated 
for stability in gains of 


two or more, differentiating 
it from the unity gain 
stable 
OPA650. 
Its unusual 
combination 
of speed, 


accuracy and low power make it an outstanding choice 
for many portable, multi-channel 
and other high speed 


applications, 
where power is at a premium. 


-vs 


International 
Airport Industrial 
Park 
• 
Mailing Address: PO Box 11400 
Tucson, AZ 85734 
• 
Street Address: 6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 
Tel: (520)746-1111 
• 
Twx: 91D-952-1111 
• 
Cable: BBRCORP 
• 
Telex: 1l6U491 
• 
FAX: (520) 889-1510 
• 
Immediate Product Info: (BOO) ~132 
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OPA651P, 
U 
OPA651PB, 
UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 
'I"'" 


Closed-Loop 
Bandwidth(2) 
G •• +2 
470 
*(1) 
MHz 
it) 


G ~ +5 
70 
MHz 
CD 
G. 
+10 
34 
MHz 
~ 
Gain Bandwidth 
Product 
340 
MHz 
Slew Aate 
G: 
+2, Vo : 2V slep 
300 
V/IJ-S 
0 
Over Specified Temperature 
275 
V/IJ-S 
Rise Time 
0.2V Step 
0.8 
~ 
ns 
Fall TIme 
0.2V Step 
0.8 
ns 
Settling Time 
0.01% 
G = +2, Vo = 2V slep 
16.2 
ns 
0.1% 
G : +2, Vo : 2V slep 
11.5 
ns 
1% 
G = +2, Vo : 2V slep 
7.2 
ns 
Spurious 
Free Dynamic Range 
G = +2, f : 5.0 r~Hz, Vo = 2Vp-p, 


AL = 100U 
67 
dBc 
CJ) 
AL = 400U 
78 
dBc 
Differential 
Gain 
G: 
+2, NTSC, Vo: 
1.4Vp, AL: 
1500 
0.01 
% 
a: 
Differential 
Phase 
G = +2, NTSC, Vo = 1.4Vp, AL = 1500 
0.025 
Degrees 
W 
Bandwidth 
For O.ldB 
Flatness 
G •• +2 
43 
MHz 
u:: 
INPUT OFFSET VOLTAGE 
Input Offset Voltage 
±1 
±5.0 
±2.0 
mV 
::i 
Average 
Drift 
±3 
IJ-VFC 
Power Supply Aejeclion 
(+Vs) 
Vs : ±4.5V 10 ±5.5V 
65 
85 
70 
dB 
n. 


(-Vol 
52 
60 
55 
dB 
== 
INPUT BIAS CURRENT 
<C 
Input Bias Current 
VCM: 
OV 
4 
20 
10 
IJ-A 
Over Temperature 
6 
30 
20 
J!A 
..J 
Input Offset Current 
VCM: 
OV 
0.4 
1.5 
IJ-A 
<C 
Over Temperature 
0.9 
3.0 
J!A 


INPUT NOISE 
Z 
Input Voltage Noise 
nV/'I'HZ 
0 
Noise Density, 
f = 100Hz 
13 
f. 
10kHz 
4.6 
nV/'I'HZ 
~ 
f = lMHz 
4.6 
nV/'I'HZ 
Vollage Noise, BW. 
10Hz 10 100Mbz. 
46 
IlVrms 
Input Bias Current Noise 
I 
a: 
Current Noise Density, f = 0.1 Hz to 20kHz 
1.1 
pAl'I'HZ 
W 
Noise Figure (NFl 
As = 10ill 
3.2 
dB 
n. 


As·50U 
14 
dB 
0 
INPUT VOLTAGE 
RANGE 
Common·Mode 
Input Range 
±3.5 
V 
Over Specified Temperature 
±3.0 
V 
Common-Mode 
Aejection 
VCM = ±0.5V 
75 
90 
80 
dB 


INPUT IMPEDANCE 
Differential 
60111 
ill 
II pF 
Common-Mode 
2.6111 
MUll 
pF 


OPEN-LOOP 
GAIN 
Open-Loop 
Vottage Gain 
Vo = ±2V, AL: 
l00U 
42 
50 
45 
dB 
Over Specified Temperalure 
Vo = ±2V, AL = l00U 
40 
42 
dB 


OUTPUT 
Voltage Outpul 
Over Specified Temperature 
No Load 
±2.2 
±3.0 
±2.4 
V 
AL = 250U 
±2.2 
±2.5 
±2.4 
V 
AL: 
100U 
±2.0 
±2.3 
±2.1 
V 
Current Output, Sourcing 
75 
110 
mA 
Over Specified Temperature 
65 
mA 
Current Output, Sinking 
65 
85 
mA 
Over Specified Temperature 
35 
mA 
Short Circuit Current 
150 
mA 
Output Resistance 
O.IMHz 
G: 
+2 
0.05 
U 


POWER SUPPLY 
Specified 
Operating 
Voltage 
±5 
V 
Operating 
Voltage Aange 
±4.5 
±5.5 
V 
Quiescent 
Current 
±5.1 
±7.75 
±B.5 
mA 
Over Specified 
Temperature 
±8.75 
±7.5 
mA 


TEMPERATURE 
RANGE 
Specification: 
P, U, PB, UB 
--40 
+85 
·C 
Thermal 
Resistance, 
8JA 
P 
8-Pin DIP 
100 
·CIW 
U 
SO-8 
125 
·CIW 
N 
SOT23-5 
150 
·CIW 
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Supply.. 
.. 
±S.SV 
Internal 
Power 
Dissipation(l): 
See Thermal 
Conditions 
Differential 
Input Voltage 
.. 
±1.2V 
Input Voltage Range 
.. 
±Vs 


Storage Temperature 
Range: p. PB. U. UB. N. NB .... --40·C to +12S·C 
Lead Temperature 
(soldering. 
10s) 
+300·C 


(soldering. 
50-8 
3s) 
+2600C 
Junction Temperature 
(TJ) 
.. 
+17S·C 
A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate 
ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


DIPISO-8 


8 
NC 


+Vs 


Output 


NC 


SOT23-5 


+Vs 


PACKAGE 
DRAWING 
TEMPERATURE 
PACKAGE 
ORDERING 
MODEL 
PACKAGE 
NUMBER") 
RANGE 
MARKING") 
NUMBER 


OPA6S1U 
50-8 
Surface Mount 
182 
--4Q·C to +85·C 
OPA6S1U 
OPA6S1U 
OPA6S1UB 
80·8 
Surface Mount 
182 
--4Q·C to +8S·C 
OPA6S1UB 
OPA6S1UB 
OPA6S1P 
8-Pin Plastic DIP 
006 
--40·C to +8S·C 
OPA651P 
OPA6S1P 
OPA6S1PB 
8-Pin Plastic DIP 
006 
-40°C 
to +85°C 
OPA651PB 
OPA6S1PB 


PACKAGE 
DRAWING 
TEMPERATURE 
PACKAGE 
ORDERING 
MODEL 
PACKAGE 
NUMBERl') 
RANGE 
MARKING 
NUMBER 


OPA6S1N 
S-Pin SOT23-5 
331 
--40·C to +8S·C 
- 
- 
OPA651NB 
5-Pin SOT23·S 
331 
-4Q°C to +85°C 
- 
- 
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DISCUSSION OF 
PERFORMANCE 


The OPA651 
is a low power, wideband 
voltage feedback 
operational amplifier, internally compensated 
to provide gain 
of +2 stability. The OPA651's 
voltage feedback architecture 


features true differential 
and fully symmetrical 
inputs. This 


minimizes offset errors, making the OPA65 1 well suited for 
implementing 
filter 
and 
instrumentation 
designs. 
The 
OPA65 1's AC performance 
is optimized 
to provide a gain 
bandwidth product of 340MHz and a fast 0.1 % settling time 
of 11.5ns, which is an important consideration 
in high speed 
data conversion applications. Along with its excellent settling 
characteristics, 
the low DC input offset of ±lm V and drift of 
±3f.lVrC 
support 
high accuracy 
requirements. 
In applica- 
tions requiring a higher slew rate and wider bandwidth, such 
as video and high bit rate digital communications, 
consider 


the current feedback OPA658. 


CIRCUIT 
LAYOUT 
AND BASIC OPERATION 


Achieving optimum performance 
with a high frequency am- 
plifier like the OPA651 requires careful attention to layout 
parasitics and selection of external components. 
Recommen- 
dations for PC board layout and component selection include: 


a) Minimize 
parasitic 
capacitance 
to any ac ground for all 
of the signal I/O pins. Parasitic 
capacitance 
on the output 
and inverting 
input pins can cause instability; 
on the non- 
inverting 
input it can react with the source impedance 
to 
cause unintentional 
bandlimiting. 
To reduce unwanted 
ca- 
pacitance, 
a window 
around the signal I/O pins should be 
opened in all of the ground and power planes. Otherwise, 
ground and power planes should be unbroken elsewhere 
on 
the board. 


b) Minimize 
the distance 
« 
0.25") from the two power pins 


to high frequency 
O.llJP decoupling 
capacitors. 
At the pins, 


the ground and power plane layout should not be in close 
proximity 
to the signal I/O pins. Avoid narrow power and 
ground traces to minimize inductance 
between the pins and 
the decoupling capacitors. Larger (2.2lJP to 6.8lJF) decoupling 
capacitors, 
effective 
at lower frequencies, 
should 
also be 
used. 
These 
may 
be placed 
somewhat 
farther 
from 
the 
device and may be shared among several devices in the same 
area of the PC board. 


c) Careful 
selection 
and 
placement 
of external 
compo- 
nents will preserve 
the high frequency 
performance 
of the 
OPA651. 
Resistors 
should be a very low reactance 
type. 


Surface mount resistors work best and allow a tighter overall 
layout. 
Metal 
ftlm or carbon 
composition 
axially-leaded 
resistors can also provide good high frequency performance. 
Again, 
keep 
their 
leads 
as short 
as possible. 
Never 
use 
wirewound 
type resistors in a high frequency 
application. 


Since the output pin and the inverting 
input pin are most 


sensitive to parasitic capacitance, 
always position the feed- 
back and series output resistor, if any, as close as possible to 
the package pins. Other network components, 
such as non- 


inverting 
input termination 
resistors, 
should also be placed 


close to the package. 


Even 
with a low paraSItIC capacitance 
shunting 
external 
resistors, excessively 
high resistor values can create signifi- 
cant time constants 
and degrade performance. 
Good metal 
film or surface mount resistors have approximately 
0.2pF in 
shunt with the resistor. For resistor values> 
1.5ill, 
this adds 


a pole and/or 
zero below 500MHz 
that can affect circuit 
operation. Keep resistor values as low as possible consistent 
with 
output 
loading 
considerations. 
The 
402Q 
feedback 
used for the Typical 
Performance 
Plots is a good starting 
point for design. 


d) Connections 
to other 
wideband 
devices 
on the board 
may be made with short direct traces or through on-board 
transmission 
lines. For short connections, 
consider the trace 
and the input to the next device as a lumped capacitive 
load. 


Relatively 
wide traces 
(50 to 100 mils) should 
be used, 


preferably 
with ground and power planes opened up around 
them. Estimate 
the total capacitive 
load and set R,so from 
the plot of recommended 
R,so vs capacitive 
load. 
Low 
parasitic 
loads may not need an R,so since the OPA65 1 is 


nominally compensated 
to operate with a 2pF parasitic load. 


If a long trace is required and the 6dB signal loss intrinsic to 
doubly terminated 
transmission 
lines is acceptable, 
imple- 
ment a matched impedance transmission line using microstrip 
or stripline techniques (consult an ECL design handbook for 
microstrip 
and stripline layout techniques). 
A son environ- 
ment is not necessary on board, and in fact a higher imped- 
ance environment 
will improve 
distortion 
as shown in the 
distortion 
vs load plot. With 
a characteristic 
impedance 
defined 
based on board material 
and desired trace dimen- 
sions, 
a matching 
series 
resistor 
into the trace from the 
output of the amplifier is used as well as a terminating 
shunt 
resistor 
at the input of the destination 
device. 
Remember 
also that the terminating 
impedance 
will be the parallel 
combination 
of the shunt resistor and the input impedance 
of 
the destination 
device; the total effective impedance 
should 
match the trace impedance. 
Multiple destination 
devices are 
best handled as separate transmission 
lines, each with their 
own series and shunt terminations. 


If the 6dB attenuation 
loss of a doubly terminated 
line is 


unacceptable, 
a long trace can be series-terminated 
at the 


source end only. This will help isolate the line capacitance 
from the op amp output, but will not preserve signal integrity 
as well as a doubly terminated 
line. If the shunt impedance 
at the destination 
end is finite, there will be some signal 
attenuation 
due to the voltage divider formed by the series 


and shunt impedances. 


e) Socketing 
a high speed 
part 
like the OPA651 
is not 
recommended. 
The additional 
lead length and pin-to-pin 
capacitance 
introduced 
by the socket creates an extremely 


troublesome 
parasitic 
network 
which 
can make it almost 


impossible to achieve a smooth, stable response. Best results 
are obtained by soldering the part onto the board. If socket- 
ing for the DIP package 
is desired, 
high frequency 
flush 
mount pins (e.g., McKenzie 
Technology 
#71OC) can give 
good results. 
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The OP A651 is nominally specified for operation using ±5V 
power supplies. A 10% tolerance on the supplies, or an ECL 
-5.2V for the negative supply, is within the maximum speci- 
fied total supply voltage of II V. Higher supply voltages can 
break down internal junctions possibly leading to catastrophic 
failure. Single supply operation is possible as long as com- 
mon mode voltage constraints 
are observed. 
The common 
mode input and output voltage specifications 
can be inter- 
preted as a required headroom to the supply voltage. Observ- 
ing this input and output headroom 
requirement 
will allow 
non-standard 
or single supply operation. Figure I shows one 
approach to single-supply 
operation. 


OFFSET VOLTAGE 
ADJUSTMENT 


If additional 
offset 
adjustment 
is needed, 
the circuit 
in 
Figure 
2 can be used without 
degrading 
offset drift with 
temperature. 
Avoid external adjustment 
whenever 
possible 
since extraneous 
noise, such as power supply noise, can be 
inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 
created 
by the amplifier's 
input bias currents. 
Whenever 
possible, 
match the impedance 
seen by both inputs as is 


shown with R3• This will reduce input bias current errors to 
the amplifier's 
offset current. 


NOTE: (1) R, is 
optional 
and can 


be used to cancel 
'---.---' 
off~t err~rs due 
V IN or Ground 
to Input bias currents. 


Output Trim Range 
=: +Vs ~ 
to 


Rn"" 
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ESD PROTECTION 


ESD damage 
has been well recognized 
for MOSFET 
de- 
vices, but any semiconductor 
device 
is vulnerable 
to this 


potentially 
damaging 
source. 
This is particularly 
true for 
very high speed, fine geometry 
processes. 


ESD damage 
can cause subtle changes 
in amplifier 
input 
characteristics 
without necessarily 
destroying 
the device. In 
precision operational 
amplifiers, this may cause a noticeable 
degradation 
of offset 
voltage 
and drift. 
Therefore, 
ESD 
handling precautions 
are strongly recommended 
when han- 
dling the OP A651. 


OUTPUT 
DRIVE CAPABILITY 


The OPA651 
has been optimized 
to drive 750. and 1000. 
resistive loads. The device can drive a 2Vp-p into a 750. load. 
This high-output drive capability makes the OPA65 I an ideal 
choice for a wide range of RF, IF, and video applications. 
In 
many cases, additional buffer amplifiers 
are unneeded. 


Many demanding 
high-speed 
applications 
such as driving 
NO 
converters 
require op amps with low wideband 
output 
impedance. 
For example, low output impedance 
is essential 
when driving the signal-dependent 
capacitances 
at the inputs 
of flash NO converters. 
As shown in Figure 3, the OPA65 I 
maintains 
very low-closed 
loop output impedance 
over fre- 
quency. 
Closed-loop 
output impedance 
increases 
with fre- 
quency since loop gain is decreasing. 
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THERMAL 
CONSIDERATIONS 


The OPA65 I will not require heatsinking 
under most oper- 
ating 
conditions. 
Maximum 
desired 
junction 
temperature 
will limit the maximum 
allowed internal power dissipation 
as described below. In no case should the maximum junction 
temperature 
be allowed to exceed +175°C. 


Operating 
junction 
temperature 
(TJ) 
is given 
by TA + 
Po8JA- 
The total internal power dissipation 
(Po) is a com- 
bination 
of the total quiescent 
power 
(PDQ) and the power 


dissipated 
in of the output 
stage 
(Pod 
to deliver 
load 
power. 
Quiescent 
power 
is simply 
the specified 
no-load 
supply 
current 
times 
the total supply 
voltage 
across 
the 
part. POLwill depend on the required output signal and load 


-- 


but would, for a grounded 
resistive load, be at a maximum 
when the output is a fixed DC voltage equal to 1/2 of either 
supply 
voltage 
(assuming 
equal bipolar 
supplies). 
Under 
this condition, 
PDL = Vs2/(4oRJ 
where RL includes 
feed- 
back network 
loading. Note that it is the power dissipated 
in the output 
stage 
and not in the load that determines 
internal 
power 
dissipation. 
As an example, 
compute 
the 
maximum 
TJ for an OPA65IN 
at Av = +2, RL = lOOQ, RFB 
= 402Q, 
±Vs = ±5V, 
with the output 
at IVsl2l, and the 
specified maximum 
TA = +85°C. PD = 10Vo8.75mA 
+ (52)/ 
(4o(lOOQll804Q)) 
= l58mW. 
Maximum 
TJ = +85°C 
+ 
0.158Wo150°CIW 
= 109°C. 


The OPA65 1's output stage has been optimized to drive low 
resistive loads. Capacitive loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 
peaking or oscillations. 
Capacitive 
loads greater than lOpF 
should be isolated by connecting 
a small resistance, 
usually 
l5Q to 30Q, in series with the output as shown in Figure 4. 
This is particularly 
important when driving high capacitance 
loads such as flash AID converters. Increasing the gain from 
+2 will improve the capacitive 
load drive due to increased 
phase margin. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot 
for RG-58) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


FREQUENCY 
RESPONSE 
COMPENSATION 


The OP A65l 
is internally 
compensated 
and is stable at a 
gain of 2 with a phase margin of approximately 
60°. (Note 
that, from a stability standpoint, 
an inverting gain of -1 VN 
is equivalent 
to a noise gain of 2.) Frequency 
response for 
other gains are shown in the Typical Performance 
Curves. 


The high frequency 
response 
of the OPA651 
in a good 
layout is very flat with frequency. 
However, 
some circuit 
configurations 
such as those 
where 
large feedback 
resis- 
tances are used, can produce high-frequency 
gain peaking. 
This 
peaking 
can be minimized 
by connecting 
a small 
capacitor in parallel with the feedback resistor. This capaci- 
tor compensates 
for the closed-loop, 
high-frequency, 
trans- 
fer function zero that results from the time constant formed 
by the input capacitance 
of the amplifier (typically 2pF after 
PC board mounting), 
and the input and feedback 
resistors. 
The selected 
compensation 
capacitor 
may be a trimmer, 
a 
fixed capacitor, 
or a planned 
PC board capacitance. 
The 
capacitance 
value is strongly dependent on circuit layout and 
closed-loop 
gain. Using small resistor values will preserve 
the phase margin and avoid peaking 
by keeping 
the break 
frequency 
of this zero sufficiently 
high. When high closed- 
loop gains 
are required, 
a three-resistor 
attenuator 
(tee- 
network) 
is recommended 
to avoid using large value resis- 
tors with large time constants. 


PULSE SETTLING 
TIME 


High 
speed 
amplifiers 
like the OP A65l 
are capable 
of 
extremely 
fast settling 
time with a pulse input. Excellent 
frequency response flatness and phase linearity are required 
to get the best settling times. As shown in the specifications 
table, settling time for a ±l V step at a gain of +2 for the 
OPA651 
is extremely 
fast. The specification 
is defined 
as 


the time required, after the input transition, 
for the output to 
settle within a specified error band around its final value. For 
a 2V step, 
1% settling 
corresponds 
to an error band 
of 
±20mV, 0.1 % to an error band of ±2mV, and 0.01 % to an 
error band of ±O.2mV. For the best settling times, particu- 
larly into an ADC capacitive load, little or no peaking in the 
frequency response can be allowed. Using the recommended 
R1SO for capacitive 
loads will limit this peaking and reduce 
the settling times. Fast, extremely fine scale settling (0.01 %) 
requires 
close 
attention 
to ground 
return 
currents 
in the 
supply decoupling capacitors. For highest performance, 
con- 
sider the OPA642 which isolates the output stage decoupling 
from the rest of the amplifier. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DG) 
and Differential 
Phase 
(DP) 
are 
among the more important 
specifications 
for video applica- 
tions. The percentage 
change 
in closed-loop 
gain over a 
specified 
change in output voltage level is defined as DG. 


DP is defined 
as the change in degrees of the closed-loop 
phase over the same output voltage change. DG and DP are 
both specified at the NTSC sub-carrier frequency of 3.58MHz. 
All measurements 
were performed 
using an HP 9480. 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
oromissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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lOon load are shown versus frequency 
and power output in 
the typical performance 
curves. 
Distortion 
can be signifi- 
cantly improved 
by increasing 
the load resistance 
as illus- 
trated in Figure 5. Remember 
to include the contribution 
of 
the feedback 
network 
when calculating 
the effective 
load 
resistance 
seen by the amplifier. 


The OPA651 
voltage noise spectral density is specified 
in 
2 


the Typical Performance 
Curves. For RF applications, 
how- 
ever, Noise Figure (NF) is often the preferred noise specifi- 
cation since it allows system noise performance 
to be more 
easily calculated. 
The OPA651's 
Noise Figure 
vs Source 
Resistance 
is shown in Figure 6. 


SPICE 
MODELS 
AND EVALUATION 
BOARD 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 


This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. 
SPICE models and evaluation 
PC boards (DEM-OPA65xP) 
are available for the OPA65 1. 


Contact the Burr-Brown 
Applications 
Department 
to receive 
a SPICE diskette. 
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FIGURE 9a. Evaluation 
Board Silkscreen 
(Solder Side). 9b. Evaluation 
Board Silkscreen 
(Component 
Side). 9 c. Evaluation 


Board Layout (Solder Side). 9d. Evaluation 
Board Layout (Component 
Side). 
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Wide Bandwidth, 
High Output Current 
Difet ® OPERATIONAL 
AMPLIFIER 


• 
HIGH SLEW 
RATE: 
750Vlj.lS 


• 
HIGH OUTPUT 
CURRENT: 
200mA 


• 
WIDE GAIN·BANDWIDTH: 
700MHz 


• 
FAST SETTLING: 
150n5 to 0.1% 


• 
FET INPUT: 
Is = 50pA 
max 


• 
LINE DRIVERS 


• 
PIN DRIVERS 


• 
HIGH-SPEED 
DATA ACQUISITION 


• 
WAVEFORM 
GENERATORS 


The OPA654 
is a high-speed 
monolithic 
0 
rational 
amplifier 
featuring 
200mA 
output current. 
Fabricated 
using Burr-Brown's 
Complementary-Bipolar, 
,oifetpro- 


cess, it provides an excellent combination 
of high speed 
and high output current. 


The OPA654 
is versatile, 
operating 
from power sup- 


plies ranging from ±5V to ±18V. It can deliver up to 
±lOV signals into a 500 load at slew rates of750V/~. 
Its speed and output 
current 
make 
it useful 
for line 
driver and automatic 
test applications. 


The OPA654 is externally compensated, allowing open- 
loop gain and phase characteristics 
to be optimized for 


the desired closed-loop 
gain, load and dynamic char- 
acteristics. 


The 
OPA654 
is available 
in an 8-pin 
metal 
TO-3 


package that provides excellent thermal characteristics 
and is specified for the industrial 
temperature 
range. 


DI",t S, Burr-Brown 
Corp. 


International 
A1rporllnduslrlal 
Part< 
Mailing Address: PO llox 11400 
• 
Tucson, AI 85734 
• 
Street Address: 6730 S. Tucson Blvd. 
• 
Tucson, AI 
85706 
Tel: (520) 746-1111 
• 
Twx: 91~2·1111 
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SPECIFICATIONS 


OPA654AM 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 
I 
. 
C 
I 
Gain-Bandwidth 
Product (2) 
See Typical 
UNe 
Slew Rate (2.3J 
G: 
-1, 20V Step 
750 
VII'S 
Settling Time 
(2) 
0.01% 
G:-1,10VStep 
240 
ns 


0.1% 
G: 
-1, 
10V Step 
150 
ns 


1% 
G :-1, 
10V Step 
85 
ns 


OFFSET VOLTAGE 
,I' 


Input Offset Voltage 
±D.1 
±3 
mV 


Average Drift 
±40 
~vrc 


Power Supply Rejection 
Vs:±5to±15V 
72 
82 
dB 


INPUT BIAS CURRENT(1) 
Input Bias Current 
VCM : OV 
3 
50 
pA 


Input Offset Current 
VCM: 
OV 
2 
25 
pA 


NOISE 
Input Voltage Noise 


nVl'iHz 
Noise Density, 
f : 10Hz 
115 
t = 100Hz 
37 
nV/-IHz 


f:1kHz 
19 
nV/-IHz 
f: 
10kHz 
14 
nVl-IHz 


Voltage Noise, 
f. 
: 10Hz to 1MHz 
85 
~Vp-p 


Input Bias Current Noise 


fAl-IHz 
Current Noise Density, 
f "'" 0.1 Hz to 20kHz 
1 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Inpuf Range 
±12 
±13 
V 
Common-Mode 
Rejection 
VCM : ±10V 
70 
76 
dB 


INPUT IMPEDANCE 
Differential 
1012112.5 
nllpF 


Common-Mode 
1012113.2 
nllpF 


OPEN-LOOP 
GAIN 


Open-loop 
Voltage Gain 
Vo : ±10V, RL 
: 1kQ 
94 
dB 
Vo : ±10V, RL 
: 
son 
80 
82 
dB 


OUTPUT 
- 


Voltage Output 
RL:50n 
±11 
±12.3 
V 
Current Output 
Vo: 
±10V 
200 
mA 


Short Circuit Current 
325 
mA 


Output Resistance, Open-Loop 
DC 
800 
n 


POWER SUPPLY 
Specified Operating Voltage 
±15 
V 
Operating Voltage Range 
±5 
±18 
V 


Quiescent Current 
±38 
±43 
mA 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
°C 
Operating 
-55 
+125 
°C 


Storage 
-55 
+150 
°C 


Thermal Resistance, 
8JC 
15 
°CIW 


OJ' 
45 
°CIW 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of sucn information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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PIN LIST 
1. 
Vo 
2. 
V+ 
3. 
Compensation 
4. 
Vas Trim 
5. -In 
6. 
+In 


7. 
V- 
8. 
Vos Trim 


Power Supply Voltage 
±1BV 
Input Voltage.. 
.. 
±V,±1V 
Output Short Circuit (to ground) 
10. 
Operating Temperature 
-55°C 
to +125°C 
Storage Temperature 
-55°C 
to +150°C 
Junction Temperature 
+165°C 
Lead Temperature 
(soldering, 
105) 
+300°C 


MODEL 
PACKAGE 
TEMPERATURE 


OPA654AM 
B-Pin Metal TO-3 
-25°C to +8::l 


~ 
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TYPICAL PERFORMANCE CURVES 


80 


60 


CD~ 
40 
<= 
'iij 
<!J 
" 
C> 
20 
~ 
0> 


-", 
= 0.5p 
, 
= OpF 
OPA654AM 


-G-1000 


C, -lpF,C, 
- Op 


-G=100 


C, - 3pF,C, 
- Op 


-G=10 


C, - 18pF,C, 
= 30pF 


-G=l 


1M 
10M 


Frequency (Hz) 


45 


0 


~ 
-45 
~ 
C>" 
-90 
~ 
~ -135 
a. 


-180 


16~A~J~~1';', 


" 
r--. 
.1Ill. 
\ 
~~ 
\~CI'I;O 
II c, = 0.5pF 
l-- 
C,= lpF 


P ,c 
=13 


1dJF 


C, =3p 


C, -18 


1'-..... 
~ 


~ 


10k 
lOOk 
1M 


Frequency (Hz) 


1000 


800 


£ 
" 
() 
600 
<= 
* 
.~ 
a: 
400 


'5 
0- 
'50 
200 


I 
I 


C,I = ~p~ 


I 
I 
I 
1\ 
\ 


C: = 3p,~\ 


I1II 
\ 


IIII 


10k 
100k 
1M 


Frequency (Hz) 


1000 


900 


800 
"' 


700 
~ 
600 
* 


500 
a: 
3: 
400 
" 
Vi 
300 


200 


100 


2000 


1800 


1600 


"' 
1400 


<= 
" 
1200 


E 
;:: 
1000 


C> 
<= 
800 
E" 
600 
(/) 


400 


200 


0 


CD 
100 
~ 


<= 
~ 
80 
i 
60 
~! 40!20 


10k 
lOOk 
1M 


Frequency (Hz) 


Rl = lOOn 


\. 


\. 


"'" 
r- 


10 
15 
20 


C, Capacitance 
(pF) 


Rl - loon 


0.05% 


1% 


10 
100 


Gain (VN) 
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TYPICAL PERFORMANCE CURVES (CO NT) 


100,000 


~ 
10,000 


3>.s 
1,000 
"f 
100 
> 


.~ 
0 
10 
z 
"c. 
oS 


30 


25 
Ii 
Q. 
20 
~ 
"~ 
15 
0> 
'5 
10 
9- 
" 
0 


Vs = ±18V 
R~ • 
11oriiJ 
1 
'\ 


VS=iT 
"' 


Vs =±12V 
\ 
1\ 


I I 


C, =20P~--\ 
I\~7~~~ 
C, = 5pF 


II 
I 
~'\ '\ 


Vs = ±5V 
C, = 10pF 
'\,1\ 


I I 
I 
'.....: 


40 


35 


Ii 
30 


Q.~ 
25 
" 
0>~ 
20 
0> 
'5 
15 
9- 


<5 
10 


1 


Vs • ±18V 


Vs = ±15V 


"- 
Vs• 
±12V 
"" 
'\, 


I 
-- 
1 


Vs• 
±5V 


-r 
..." 


1M 
10M 


Frequency (Hz) 


50 
100 
150 
200 
250 
300 
350 
400 


Output Current (mA) 


1000 


<= 
100 
~ 
Q 
10 
~ 
ii5 
'5~ 
a: 
0.1 
.!:! 
<ii 
E 
0.01 
0z 


\ 


+5 
+35 
+65 


Temperature (0C) 


;;( 
EE 40 
~" 
Q 
35 


E 


~ 30 
~ 


±10 
±15 


Supply Voltage (±V) 
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.....•• 


""'- 


........•... r--.. 


10 
100 
1k 
10k 100k 
1M 
10M 100M 


Frequency (Hz) 


•• 


450 


400 


;;(.s 
350 


'1':::J 
300 
<= 
~ 
250 
()..• 


200 


150 


-55 
-25 
+5 
+35 
+65 
+95 
+125 


CIRCUIT 
LAYOUT 


With any wide-bandwidth 
circuitry, 
careful 
circuit 
layout 


will ensure 
best performance. 
Make 
short, 
direct 
circuit 
interconnections 
and avoid stray wiring capacitance--espe- 


cially at the inverting 
input pin. A component-side 
ground 
plane will help ensure low ground impedance. 
Do not place 
the ground 
plane 
under or near the inputs 
and feedback 
network. 


Power 
supplies 
should 
be bypassed 
with good 
high-fre- 
quency capacitors 
positioned 
close to the op amp pins. In 
most cases, a 2.21JF solid tantalum capacitor for each power 
supply is adequate. 
The OPA654 can deliver load currents 


up to 200mA. Even if steady-state 
load currents are lower, 
signal transients 
may demand large current transients 
from 
the power supplies. It is the power supply bypass capacitors 
which must supply these current transients. 
Larger bypass 
capacitors 
such 
as 
101JF solid 
tantalum 
capacitors 
may 


improve dynamic performance 
in these applications. 


CASE CONNECTION 


The case of the TO-3 metal package should be connected 
to 


ground. 
Failure 
to connect 
the case 
to ground 
will not 
damage the device but will degrade its AC performance. 
The 


case 
is 
internally 
connected 
to 
the 
substrate 
of 
the 
dielectrically 
isolated Ie. This substrate is DC-neutral-it 
is 
not connected 
to the V- power supply as it would be with 
most analog ICs. In principle, 
it could be connected 
to any 


AC ground potential such as one of the power supplies, but 
DC ground is usually most convenient. 
Do not connect the 


case to DC potentials 
which exceed the power supply volt- 


ages, ±VS. 


OFFSET ADJUSTMENT 


Many applications 
require no external offset voltage adjust- 
ment. 
Figure 
la shows 
connection 
of an optional 
offset 


voltage trimming potentiometer. 
Use a small, non-inductive 
potentiometer 
with short connections 
to the trim pins. Avoid 


stray capacitance 
from the input or output nodes. The added 


resistors in Figure Ib help decouple the potentiometer 
from 


these sensitive 
nodes, making the type and location of the 


potentiometer 
less critical. This also reduces the trim range, 


providing 
more adjustment 
resolution. 
Do not use an offset 


voltage adjustment 
to correct for offsets produced 
in other 
circuitry since this can introduce 
large offset voltage drift. 


COMPENSATION 


The OPA654 
uses external 
compensation 
capacitors. 
This 


tailors the open-loop response characteristics 
to the applica- 


tion. Its effect can be seen in the open-loop 
gain and phase 


curves. 


Figures 2 shows typical capacitor values for various c1osed- 
loop gains. This chart should be considered 
a starting point 
for optimizing 
an application. 
Many 
variables 
including 


circuit layout, source and load characteristics, 
and desired 
dynamic behavior will affect the optimum capacitor values. 
Capacitive 
loads change op amp behavior and higher com- 
pensation 
capacitor 
values are generally 
required. 
Resistor 


Rs, shown in Figure 3, can improve 
the ability to drive a 


capacitive 
load. Typical 
values for Rs range from Sf! to 


son, depending on the load and how much voltage drop can 
be tolerated. 
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CLOSED-LOOP 


GAIN 
C, 
C, 
R, 
R, 


+1000 
0.5pF 
0 
10n 
10kQ 
+100 
1pF 
0 
lOon 
10kQ 
+10 
3pF 
0 
100n 
goon 
+1 
18pF 
30pF 
- 
0 


+200 


:;-.s 
0 
a 
> 


-200 


CLOSED-LOOP 


GAIN 
C, 
C, 
R, 
R, 


-1000 
0.5pF 
0 
10n 
10kQ 
-100 
1pF 
0 
100n 
10kQ 
-10 
3pF 
0 
lOon 
1kn 
-1 
18pF 
20pF 
1kQ 
1kQ 
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+200 


:;-.s 
a 
> 


-200 


Figure 3 also demonstrates 
a compensation 
technique using 


an additional 
network, RrC3• 
This allows use of a smaller 
value for C1, producing 
a corresponding 
increase 
in slew 
rate. It reduces the high frequency 
loop gain by placing the 


op amp in a higher 
noise 
gain at high frequency. 
This 
technique 
improves large-signal 
response at the sacrifice of 


small-signal 
behavior. 
Settling 
time is increased 
and high 


frequency 
noise performance 
will be somewhat 
degraded. 


G=-1 


VOIff 


Figure 
4 shows 
an alternative 
compensation 
network 
for 
unity 
gain. 
This 
technique 
provides 
a small 
amount 
of 
positive feedback, reducing the net negative feedback factor. 
Large 
signal response 
and load driving 
capability 
is im- 
proved with this approach. 


The compensation 
for a given application 
can be evaluated 
by observing 
amplifier 
pulse response. 
Both small-signal 


and large-signal 
response 
should be checked to assure that 
both are acceptable. 
Large 
overshoot 
or many cycles 
of 
ringing in the small-signal 
response 
is a sign of instability 
and 
the circuit 
may 
require 
further 
optimization. 
Good 
practice dictates a somewhat conservative 
approach to allow 


for device-to-device 
variation. 


Many 
applications 
do not require 
an external 
heat 
sink. 


However, 
with high ambient 
temperature 
or heavy 
load 


conditions, a heat sink may be required. The heat sink should 
be electrically 
connected 
to ground-see 
"Connections 
to 


Case". Operate within the power derating curve (Maximum 
Power 
Dissipation 
vs Temperature) 
shown 
in the typical 
performance 
curve section. 


Exceeding 
the maximum 
die temperature 
of 165°C may 


activate 
the internal 
thermal 
limit circuitry, 
disabling 
the 


output stage. This thermal limit is set for a junction tempera- 
ture of approximately 
185°C. 


4700 


4700 


G=+1 


VOUT 


FIGURE 4. G = +1 Amplifier 
with Alternative 
Compensa- 


tion. 


The OPA654 
may be operated 
at reduced 
power 
supply 
voltage, thus reducing internal power dissipation. 
This can 


eliminate 
the need for heat sinking in some applications. 


OUTPUT CURRENT 
LIMIT 


Output current 
is limited by internal 
circuitry 
to approxi- 
mately 
325mA 
at 25°C. The limit current 
decreases 
with 
increasing 
junction 
temperature 
as shown 
in the typical 
curves. The combination 
of current limit and thermal limit 


protects the device from short circuits to ground. 


INPUT BIAS CURRENT 


The OPA654 is fabricated 
with Burr-Brown's 
dielectrically 


isolated Difet process, giving it very low input bias current. 
Like other FET amplifiers, 
input bias current 
doubles 
for 


every 
WOC increase in junction 
temperature. 
This increase 


can be minimized 
by providing 
a heat sink and, if possible, 


operating 
with reduced 
power supply voltage to minimize 


power dissipation. 
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Widelband FET-Input 
OPERATIONAL 
AMPLIFIER 


• 
400MHz 
UNITY GAIN BANDWIDTH 


• 
LOW INPUT BIAS CURRENT: 
5pA 


• 
HIGH INPUT IMPEDANCE: 
10120 1I1.0pF 


• 
ULTRA-LOW 
dGldP: 
0.006%/0.009° 


• 
LOW DISTORTION: 
90dB SFDR at 51MHz 


• 
FAST SETTLING: 
1705 (0.01%) 


• 
HIGH OUTPUT 
CURRENT: 
60mA 


• 
FAST OVERDRIVE 
RECOVERY 


• 
WIDE BAND PHOTODIODE 
AMPLIFIER 


• 
PEAK DETECTOR 


• 
CCD OUTPUT 
BUFFER 


• 
ADC INPUT BUFFER 


• 
HIGH SPEED INTEGRATOR 


• 
TEST AND MEASUREMENT 
FRONT END 


The OPA655 
combines 
a very wideband, 
unity gain 
stable, 
voltage 
feedback 
op amp with a FET input 
stage to offer an ultra high dynamic 
range amplifier 
for ADC buffering 
and transimpedance 
applications. 
Extremely 
low harmonic 
distortion 
along with excel- 
lent pulse settling characteristics 
will support even the 
most demanding 
ADC input buffer requirements. 


The broad unity gain stable bandwidth 
and FET input 
allows 
exceptional 
performance 
in high speed, low 
noise integrators. 


The high input impedance 
and low bias current pro- 
vided by the PET input is further 
supported 
by the 
ultra-low 
6nV/--Jfu input voltage 
noise to achieve 
a 
very low integrated 
noise 
in wide band photodiode 
transimpedance 
applications. 


Broad transimpedance 
bandwidths are achievable given 
the OPA655's 
high 240MHz gain bandwidth 
product. 


As shown 
below, 
a -3dB 
bandwidth 
of 
IMHz 
is 
provided 
even for a high IMO transimpedance 
gain 
from a 47pF source capacitance. 


1 


1~UzBan~wid:h 
/ 
I)' 
'\ 
\ 


\ 
\ 


\ 


iil 
120 
~ 


<=... 
Cl 110 


11 
'"" 
~ 
100 
E 


~ 
90 


100kHz 


Frequency 
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U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 


Closed-Loop 
Response 
Gain. 
+1VN, 
Vo' 
200mVp-p 
400 
MHz 
Gain. 
+2VN, 
Vo • 200mVp-p 
185 
MHz 
Gain. 
+5VN, 
Vo • 200mVp-p 
57 
MHz 
Gain. 
+10VN, 
Vo' 
200mVp-p 
24 
MHz 


Gain-Bandwidth 
Product 
240 
MHz 
Slew Rate 
G. 
+1, 1V Slep 
210 
290 
V/~s 
Over Temperature 
200 
VI~ 


Rise Time 
0.2V Slep 
1 
ns 


Fall Time 
0.2V Slep 
1 
1 
ns 


Settling Time: 0.01 % 
G. 
+1, 1V Slep 
17 
ns 
0.1% 
G. 
+1, 1V Slep 
8 
ns 


1% 
G. 
+1, 1V Step 
6 
ns 
Spurious·Free 
Dynamic 
Range 
G.+1,f.5MHz 
75 
90 
dBc 


Vo' 
±1V, RL• 
100n 
Differential 
Gain 
3.58MHz, 
0 10 1.4V, RL• 
150n 
0.006 
% 


Differential 
Phase 
3.58MHz, 
0 10 1.4V, RL 
• 
150n 
0.009 
degrees 


Bandwidth 
for 0.1dB flatness 
G. 
+2, 2Vp-p 
30 
MHz 


OFFSET VOLTAGE 
Input Offset Voltage 
±1 
±2 
mV 


Over Temperature 
±10 
~Vf'C 


Power Supply Rejeclion 
(+Vs) 
IVsl • 4.50V 10 5.50V 
55 
70 
dB 
(-Vs) 
50 
65 
dB 


INPUT BIAS CURRENT 
Input Bias Current 
VCM·OV 
-5 
-125 
pA 


Over Temperature 
VCM·OV 
-a.0 
nA 
Input Offset Current 
VCM·OV 
±2 
±125 
pA 


Over Temperature 
VCM·OV 
±8 
nA 


NOISE 
Input Voltage Noise 
nV/.JHz 
Noise Density: f -= 1DaHz 
20 


f.lkHz 
8 
nVl.JHz 


f.l0kHz 
6 
nV/.JHz 


f. 
0.1MHz 10 100MHz 
6 
nV/.JHz 
Integrated 
Voltage Noise, 
BW • 1MHz 10 100MHz 
60 
~Vrms 


Input Bias Current Noise 


Current Noise Density, 
fAI.JHz 
f.l0Hzlo 
10kHz 
1.3 
4 


INPUT VOLTAGE 
RANGE 


Common·Mode 
Input Range 
±2.75 
V 


Over Temperature 
±2.5 
V 
Common·Mode 
Rejection 
VCM' 
±0.5V 
55 
70 
dB 


INPUT IMPEDANCE 
Differential 
10"111.2 
nil 
pF 


Common-Mode 
10"111.0 
nil 
pF 


OPEN-LOOP 
GAIN 
Open-Loop 
Voltage Gain 
Vo = ±2V, RL• 
loon 
53 
58 
dB 


Over Temperature 
Vo 
Z ±2V, RL 
• 
lOOn 
50 
dB 


OUTPUT 
Voltage Oulpul 
RLzl00n,G=+1 
±3.0 
±3.4 
V 
Over Temperature 
±2.8 
V 
Current Output 
±35 
±60 
mA 
Over Temperature 
±28 
mA 


Shart-Circuit 
Output Current 
±140 
mA 


Output Resistance 
0.1MHz, G = +1 
0.04 
n 


POWER SUPPLY 
Specified Operaling 
Voltage 
±5 
V 


Operating 
Voltage Range 
TM1N ta TMAX 
±4.75 
±5.25 
V 


Quiescent 
Current 
TMIN ta TMAX 
±21 
±25 
±29 
mA 


Over Temperature 
±31 
mA 


TEMPERATURE 
RANGE 


Specificatian: 
P, U 
-40 
+85 
·C 
Thermal 
Resistance, 
8JA 


P 
100 
·CIW 
U 
125 
·CIW 


The informatian provided herein is believed to be reliable; however, BURR-BROWN 
assumes na responsibility far inaccuracies ar omissions. BURR-BROWN 
assumes 


no responsibility 
for the use of Ihis information, and aUuse of such infarmation shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
daes not authorize arwarrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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Internal 
Power 
Dissipation.. 
. 
. 
See Thermal 
Considerations 


Differential 
Input Voltage 
. 
Vs (TOTAL) 


Common-Mode 
Input Voltage Range 
±Vs 


Storage 
Temperature 
Range: 
P, U.. 
. 
-40°C 
to +125°C 


Lead Temperature 
(soldering, 
10s).......... 
+300'C 
(soldering, 
SOIC 3s) 
+260"C 
Junction Temperature 
(TJ) 
+175'C 


Inverting 
Input 


Non-Inverting 
Input 


NOTE: 
(1) Making use of all four power supply pins is highly recommended. 


although not required. Using these four pins. instead of pins 4 and 7 only, will 
reduce the effective 
pin impedance 
and substantially 
improve di:;tortion. 


MODEL 


OPA655P 
OPA655U 


TEMPERATURE 
RANGE 


-40'C 
to +85'C 


-40'C 
to +85'C 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate 
ESD protection 
methods. 


ESD damage can range from subtle performance 
degradation 


to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 
fications. 
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TYPICAL PERFORMANCE CURVES 


I' 
I 


Voltage 
Noise 


Current 
Noise 


10k 
lOOk 
1M 


Frequency (Hz) 


100M 


Frequency (Hz) 


20 
G=+5 


17 


14 


in 
11 
~ 
c 
'.• 
Cl 


-2 


-1 


-4 


lOOk 
1M 
10M 
100M 


Frequency (Hz) 


1 
/ 
/1 


I 
I 
//1 


/ 
/ 
110sl= 
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DISCUSSION OF 
PERFORMANCE 


Amplifiers 
using PET input transistors 
operate in a similar 
manner to those using bipolar transistors, 
with some impor- 


tant advantages. 
In standard op amp applications, 
the very 
low input bias currents reduce the DC error voltage due to 
a high or possibly 
unknown 
source 
impedance. 
In most 
OPA655 applications, 
the output DC error will be due only 
to the low ImV input offset voltage. Similarly, input noise 
currents will contribute very little to the total output noise in 
most applications. 
Wide band transimpedance 
applications 
(e.g., photodiode 
amplifiers) 
will particularly 
benefit from 
the low current noise combined with the OPA655's 
very low 
6nV{--./Hi input voltage noise. 


The OPA655's 
high gain 
bandwidth 
and very linear output 


stage hold the harmonic 
distortion 
below -9OdBc through 
5MHz 
for a 2Vp-p 
swing 
into 
lOOn. 
Significantly 
less 
distortion 
is observed 
at lower 
frequencies 
and/or 
higher 
load impedance. 
The voltage feedback architecture 
supports 
this level of accuracy with greater than 65dB power supply 
and common mode rejection ratios. This very high dynamic 
range, along with the low DC errors and noise of the PET 
input stage, can provide an exceptional 
buffering capability 
for ADC's, 
PMT's 
and other applications 
requiring 
high 
impedance 
sensing 
of a high 
speed 
signal. 
For 
similar 
distortion performance 
with a bipolar input stage, refer to the 
OPA642. 


Careful attention to PC board layout will deliver the excep- 
tional performance shown in the Typical Performance Curves. 
Generally, very low impedance 
paths to the power supplies, 


along with low parasitic connections 
to the signal 110 pins 
are required for best performance 
(See Layout and Intercon- 
nect Considerations). 
Use of a guard ring around the non- 
inverting 
input can reduce the leakage current due to com- 
mon mode input signals. However, 
driving the guard from 
the inverting node, can increase the differential 
input capaci- 
tance, possibly leading to instability or increased broadband 
noise. Non-inverting 
buffer applications 
require a very low 
inductance 
short to be connected 
between 
the output 
and 
inverting 
input to minimize 
peaking 
in the frequency 
re- 
sponse. Use a wide trace (0.1") directly between the output 
and inverting input pins on the component 
side of the board 
for this connection. 


The OPA655 
is nominally 
designed 
to operate 
from ±5V 
supplies. 
The maximum 
voltage 
between 
the supply pins 
should be limited to less than 11V. Since a supply indepen- 
dent bias is used, very little change in AC performance 
is 
observed 
as the supply voltage is changed. 


BASIC OP AMP CONNECTIONS 


Figures 2 through 4 illustrate the basic op amp connections 
suitable for the OPA655. The non-inverting 
buffer (voltage 
follower) 
application 
(Figure 2) will benefit from the very 


Supply 


Inde~~ent 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
'EaEa' 


high FET 
input 
impedance 
and low closed 
loop output 
impedance. 
Remember 
that a DC path to the input is still 
necessary; 
even with the ultra low FET input bias current 
(5pA), open or capacitively 
coupled sources will cause the 
input to saturate. For best frequency response, a direct short 
between the output and inverting inputs is suggested. 
Since 
the input bias currents are not necessarily 
correlated, match- 
ing the non-inverting 
source resistance with a resistor in the 
feedback 
network is not recommended. 


~_1 
V,N 


NOTE: 
Power supplies and de-coupling 
not shown. 


The non-inverting 
amplifier 
configuration 
(Figure 
3) will 
again present a very high input impedance to the input signal 
and a low output 
impedance 
drive with signal gain. The 
lOOn shown for RF will give the frequency response shown 
in the Typical 
Performance 
Curves. Higher values for RF 
and R I are possible but for high frequency 
non-inverting 
op 
amp applications, 
should be limited to less than 1. ill. The 
amplifier 
will be loaded by (RF + R1) in parallel 
with the 
load impedance. 


The inverting 
amplifier 
configuration 
(Figure 
4) offers a 
broadband, 
low DC error amplifier 
with a controlled 
input 


impedance. 
The input impedance may be set by adjusting R1 
to the desired 
value and then adjusting 
RF to thl: desired 
gain, or by setting 
RF and R1 to the desired 
values 
then 
controlling 
the input impedance 
independently 
as the paral- 
lel combination 
of R1 and an optional RT resistor to ground. 
To estimate the bandwidth 
in any configuration, 
rust calcu- 


late the gain as a non-inverting 
amplifier. 
This is often 
referred to as "noise gain" or NG, and is simply 
the inverse 
of the feedback 
factor 13. 
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RS 
V,N 
R, 


v- 


RT 


7' 
7' 
7' 


Vo 


Vo 
-RF 
V;::~ 


13 = V-No 


Non-Inverting 
Gain = Noise Gain = NG = 1113 


Taking the inverting amplifier as an example, 
f3 is found by 
setting VSOURCE to zero and calculating 
the voltage divider 
ratio from V0 to V-: 


R1 + RT IIRs = total resistance 
to ground on the 
inverting 
input 


f3=~= 
R1 +RTIIRs 
Vo 
RF+R1 
+RTIIRs 


The resulting 
bandwidth 
is approximately 
the amplifier's 
gain bandwidth product divided by the calculated noise gain: 


BW~ GBWING 


In practice, 
low noise 
gains 
« 
5) will produce 
a wider 
bandwidth than predicted due to the peaking effect of second 
order poles. For example, at an inverting gain of -1 from a 
zero ohm source impedance, 
this yields a non-inverting 
gain 
of 2 and an approximate 
signal bandwidth 
of 185MHz. 


WIDE BAND TRANSIMPEDANCE 
AMPLIFIER 


The high gain bandwidth 
product 
and low noise 
of the 
OPA655 
make 
it particularly 
suitable 
for 
wideband 
transimpedance 
applications. 
The front page 
of the data 
sheet shows measured 
results 
for a IMn 
transimpedance 
gain from a relatively 
large diode having 
47pF parasitic 
capacitance. 
The key to broadband 
transimpedance 
applica- 
tions 
is to set the compensation 
capacitance 
across 
the 
feedback resistor to achieve a flat, or bandlimited, 
frequency 


t~ 


Gain Bandwidth 
Product 


The total capacitance 
to ground on the inverting input of the 


OPA655 
will set the source capacitance 
(Cs) for analysis 
purposes. 
Cs is the sum of the diode capacitance 
(CD)' the 


common 
mode input capacitance 
CCM and the differential 


input capacitance 
(CDlFF).Looking at the Bode analysis for 
the transimpedance 
configuration, 
at low frequencies 
the 


noise gain is I (OdB) but will increase for frequencies 
above 
II21t(RF' 
(Cs + CF)) due to the zero formed by the capaci- 


tance on the inverting node. It is important 
to note that the 


gain for the op amp input noise voltage will increase simi- 
larly. To get maximum 
bandwidth, 
CF is often set to form a 
high frequency 
pole at the intersection 
of this increasing 
noise gain and the open loop gain rolloff. This is accom- 
plished by setting 1/2lt(RF' CF) equal to the geometric mean 
of the zero frequency and the gain bandwidth product of the 
op amp. If the gain bandwidth product is in Hz, and assum- 
ing that CF« 
Cs, CF may be calculated 
as: 


.u 111\J 
11 "'Jl.fiF'--F pun; lVi 
Ule nUlse galn were set exactly at 


the intersection 
with the amplifier's 
open loop gain rolloff, 


the circuit 
would 
be operating 
with a 45° phase 
margin 
yielding 
a highly 
peaked 
frequency 
response. 
To reduce 


broadband 
noise and pulse response ringing, it is preferable 


to set this pole 
at a slightly 
lower 
frequency 
than 
the 
simplified 
analysis 
shown above. A second order analysis 


for the transimpedance 
configuration 
yields the following 


results to achieve a maximally 
flat Butterworth 
characteris- 
tic for the transimpedance 
frequency 
response. 
Using the 


OPA655's 
gain bandwidth 
product (GBW) in Hz, define a 


variable: 


Then, the required CF to produce a maximally flat frequency 
response is: 


and the resulting 
-3dB 
bandwidth 
for the trans impedance 
gain will be: 


F_3dB =GBW.~ 
~ 
a+ 
2a-1 


Figure 7 plots the required CF vs RF (given different values 
for the diode capacitance) 
to achieve 
the maximally 
flat 
response. Figure 8 plots the resulting bandwidth for the same 
range of RF and Co assuming 
CF has been set as shown in 
Figure 7. These plots include a parasitic input capacitance 
of 


2.2pF in parallel with the diode capacitance 
(CD). Very low 


effective values for the compensation 
capacitor 
(CF) can be 


produced by splitting the feedback resistor as shown on the 
front page application 
circuit. 


-- 
-..... 


Co = 200pF 
••.•.••...... r-. 
:::--- 
::!--- 


CD = 100pF 
r-.... 


.•...... 
hL' 
CD ~ SOpF 


~ 
.•...... 


/ 
r::- 
CD = 20pF 


Ico = 10pF 


100 


Transimpedance 
Gain, RF (kn) 


FIGURE 
7. Compensation 
Capacitance 
vs 
Feedback 


Resistance. 


BURR-BROWN* 


Burr-Brown Ie Data Book-Linear 
Products 
IE3IE3II 


•..•.•.•.... 
Co= 
10pF II 
:::-r-........ 
.1 t~~~OpF 
r-... 


Co=50pF 
....... 
•..•.•.•.... - 
.............. 
•..•.•.•.... 


-....... 


~ 


....... 


Co = lOOp 


Co,- 
200pF 


100 


Transimpedance 
Gain, RF (1Ul) 


HIGH SPEED 
INSTRUMENTATION 
DIFFERENTIAL 
AMPLIFIER 


Very high speed differential 
amplifiers can be implemented 
using the OPA655. 
The very low input bias currents allow 
relatively high resistor values to be used in a standard single 
op amp differential 
configuration. 
Alternatively, 
a very high 


input impedance 
differential 
amplifier can be implemented 
using a three op amp instrumentation 
amplifier topology as 
shown in Figure 9. 


and a common mode gain of I to the input of the 0PA651 
differential 
stage. The OPA651, 
a gain of 2 stable, broad- 
band voltage feedback 
op amp, rejects the common 
mode 
signal and provides 
a differential 
gain of 1/2 the matched 
50n 
load. This circuit delivers 
a 136MHz bandwidth 
at a 
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differential 
gain of 1.5VN (3.5dB) to the matched load as 


shown 
in Figure 
10. The Cor tuning 
capacitor 
is used to 
match the high frequency 
gains for the two signal paths to 
improve the high frequency 
CMRR. Using this adjustment, 


a CMRR > 40dB through 
100MHz was achieved. 


3.5dB 


2.5 


1.5 


.5 


l36MH 


\/ 
\ 
\ 
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DC ACCURACY 


The OPA655 is laser trimmed for low input offset voltage, 
limiting the need for external trim circuits. In most cases, the 
low bias current of the FET input will not contribute signifi- 
cantly to the output DC error. For example, at minimum gain 
(G = +1) and 
maximum 
temperature 
(85°C), 
the 
error 
contribution 
due to the inverting 
input bias current 
would 
only exceed the input offset voltage for feedback resistors> 
(ImV/3.2nA) 
= 312kn. 
Only for relatively high source and/ 
or feedback 
resistor values will the input bias current con- 


tribute significantly 
to the output DC error. Similarly, since 
the two input bias currents 
are very low, but not tightly 
matched, 
input 
bias 
current 
cancellation 
through 
source 
impedance 
matching 
is not recommended. 


Changes 
in the power supply voltages 
contribute 
to shifts 
in the input offset voltage. 
This can be calculated 
using 


the PSR 
specifications. 
For example, 
a 0.5V 
change 
in 
the negative 
power 
supply 
will 
show 
up typically 
as a 
O.5V· 10(-65120)= 0.28m V change in the input offset voltage. 


Negative 
common 
mode voltage 
inputs 
can cause an in- 
crease in the input bias currents 
as shown in the Typical 


Performance 
Curves. This can have an effect on DC accu- 
racy when the source and/or feedback resistors are large and 
the common 
mode input voltage approaches 
the negative 
limit of -2.5V. 
Positive input biases are therefore preferred 
for diode transimpedance 
applications 
requiring a bias volt- 
age on the non-inverting 
op amp input. 
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FREQUENCY 
RESPONSE 
COMPENSATION 


The OPA655 is internally compensated 
to be stable at unity 
gain into a lOOn load with a nominal phase margin of 58°. 
This unity gain phase margin shows a slight peaking in the 
frequency 
response 
and requires 
a very 
low inductance 


shorting 
connection 
from the output 
pin to the inverting 
input pin for minimal peaking. This stable broadband perfor- 
mance at unity gain lends itself well to integrator and buffer 
applications. 


Phase 
margin 
and flatness 
will improve 
at higher 
gains. 


Since phase margin is slightly load dependent, 
flatness in a 
gain of +2 can be modified by changing 
the loading. Very 
flat performance 
is shown in the Typical Performance Curves 
using a lOOn feedback and lOOn load. This may be peaked 
up by increasing the load or feedback resistors or rolled off 
by decreasing 
them. Recall that an inverting 
gain of -I 
is 
equivalent to a gain of +2 for bandwidth purposes, i.e. noise 
gain 
equal 
to 2. The 
external 
compensation 
techniques 
developed 
for voltage feedback 
op amps can be applied to 
this device. For example, in the non-inverting 
configuration, 
placing a capacitor across the feedback resistor will reduce 
the gain to +1 starting at f = 1I(27tRFCF) Hz. Alternatively, 
in the inverting configuration, 
the bandwidth may be limited 
without 
modifying 
the low frequency 
inverting 
gain 
by 
placing a series RC network to ground on the inverting node. 
This has the effect of increasing 
the noise gain at higher 
frequencies, 
thereby limiting the bandwidth for the inverting 
input signal through the gain-bandwidth 
product. 


At higher gains, the gain-bandwidth 
product 
(240MHz) 
of 
this voltage 
feedback 
topology 
will limit the achievable 


signal bandwidth. 
If PET input is not required 
and higher 
bandwidths 
at higher gains are needed, consider the broad 
bandwidth available from a current feedback op amp such as 
the OPA658. 


DRIVING 
CAPACITIVE 
LOADS 


The high open loop gain and Class AB output stage of the 
OPA655 
are optimized 
for driving 
the low impedance 
of 
doubly terminated 
cables. Capacitive 
loads directly on the 
output pin can decrease phase margin leading to frequency 
response 
peaking 
and possibly 
sustained 
oscillations. 
This 
effect is particularly 
pronounced 
at unity gain and becomes 
less significant at higher gains. Frequency 
response flatness 
can be maintained 
into a capacitive 
load by isolating it with 
a resistor as shown in Figure II. The Typical Performance 
Curves show a plot of the minimum 
value for RISO to hold 
a flat frequency response as CL is increased. The 1kn shunt 
load across CL shown in Figure 11 was the probe load for 
this measurement 
and should be considered 
optional. 


PULSE AND OVERDRIVE 
PERFORMANCE 


High 
speed 
amplifiers 
like the OPA655 
can provide 
an 
extremely 
fast settling 
time for a pulse 
input. 
Excellent 
frequency response flatness and phase linearity are required 


to get the best settling times. As shown in the specifications 
table, settling 
time for a IV step at a gain of + I for the 
OPA655 is an extremely fast 8ns to 0.1 %. This specification 
is defined as the time required, after the input transition, for 
the output to settle within a specified error band around its 
final value. For a IV step, 0.1 % settling corresponds 
to an 
error band of±lmV. 
For the best settling times, little or no 
peaking in the frequency response can be allowed. Using the 
recommended 
RISO for capacitive 
loads willlirnit 
this peak- 


ing and reduce the settling times. Fast, extremely 
fine scale 
settling (0.01 %) requires close attention to the ground return 
currents in the supply de-coupling 
capacitors. 
De-coupling 
the output stage power supply connections 
(+VS2 + (-Vs~) 
separately 
from the main supply inputs will improve 
both 
settling and harmonic 
distortion performance. 


As can be observed 
in the typical performance 
curves, the 
OPA655 recovers very quickly from an input overdrive. For 
non-inverting 
operation, recovery is immediate for negative 
overdrives 
and < lOns for a positive going overdrive signal. 


For inverting 
mode operation, 
such as transirnpedance 
am- 
plifiers, 
recovery 
is immediate 
to input overdrives 
that do 
not build up input voltages that exceeds the common mode 
input range. Unlike older PET input amplifiers, 
overdriving 
the inputs does not cause the output to invert phase and/or 
latch. Inputs that exceed the positive 
supply voltage 
will, 
however, cause the output to reverse and swing negative- 
but no latching will occur. 


HARMONIC 
DISTORTION 


The Typical 
Performance 
Curves 
show the very low har- 
monic distortion that OPA655 can deliver into a lOOn load 
over a wide range of operating conditions. 
Generally, distor- 
tion improves 
at lower gains, lower signal swings, 
lower 
frequencies, 
and higher loads. Figure 
12 shows significant 
illIprovement 
in second harmonic 
distortion 
as the load is 


increased, and relative insensitivity 
of the third harmonic to 
load conditions. 
For measurement 
purposes, these distortion 
levels were increased 
from those listed in the specification 
table by increasing the gain to +5. Narrowband 
communica- 
tions systems 
will benefit 
from the very low third order 
distortion vs load which will provide very low intermodulation 
spurs. 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products I~~I 


Or, Call Customer ~)erviceat 1·800·548·6132 (USA Only) 


THERMAL 
CONSIDERATIONS 
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DIFFERENTIAL 
GAIN AND DIFFERENTIAL 
PHASE 


The OPA655 provides one of the lowest dG/dP errors of any 
op amp. This specification 
is the change in the small signal 
gain and phase for a composite video color carrier frequency 
when the output voltage 
is slowly ramped 
over the lurni- 
nance range. The specifications 
show less than 0.01 %/0.01 ° 
for positive 
NTSC into a single video load. This level of 
performance 
challenges the accuracy of commercially 
avail- 
able video test equipment. 
Measurements 
were taken using 
an HP9480 IC parametric 
test system. 


OUTPUT 
DRIVE CAPABILITY 


The guaranteed 
output current of ±28mA will drive a lOOn 
load over the full guaranteed 
output voltage range of ±2.8V. 


These minimum 
performance 
levels are only applicable 
at 
cold temperatures, 
with higher output voltage 
and current 
available in most applications. 
Many demanding 
high speed 
applications, 
such as driving ADC's, require amplifiers with 
low, broadband, 
output impedance. 
As shown in Figure 13, 
the OPA655 maintains a very low closed loop outpUi imped- 
ance over frequency. 
Closed 
loop output 
impedance 
in- 
creases with frequency 
as the loop gain rolls off. 


~o 
0.01 


100k 
1M 


Frequency 
(Hz) 


The OPA655 will not require heatsinking 
under most oper- 
ating conditions. 
Maximum 
desired 
junction 
temperature 
will limit the maximum 
allowed internal power dissipation 
as described below. In no case should the maximum junction 
temperature 
be allowed to exceed + 175°C. 


Operating 
junction 
temperature 
(TJ) 
is 
given 
by 
TA + Po • o,A- The total internal power dissipation 
(Po) is a 
combination 
of the quiescent 
power plus the power dissi- 
pated in the output stage to deliver load power. Quiescent 
power is simply the specified no-load supply current times_ 
the total supply voltage across the part. PDLwill depend on 
the required output signal and load but would, for a grounded 
resistive 
load, 
be at a maximum 
when 
the output 
is a 
fixed 
DC voltage 
equal 
to 
1/2 of either 
supply 
voltage 
(assuming 
equal 
bipolar 
supplies). 
Under 
this condition 
POL = Vs2/(4 
• RL) where RL includes 
feedback 
network 
loading. Note that it is the power dissipated 
in the output 
stage and not in the load that determines 
internal 
power 
dissipation. 
As an example, 
compute 
the maximum 
TJ for 
the OPA655U 
at G = +2, RL = lOOn, RF = lOon, 
±Vs = 


±5V, and at the specified maximum 
TA = 85°C. PD = IOV 
• 3lmA 
+ (52)/[4 
• (100 II 200)] = 404mW. Maximum 
TJ = 
85°C + 0.404W • 125°CIW 
= 136°C. 


lAYOUT 
AND INTERCONNECT 


CONSIDERATIONS 


Achieving 
optimum 
performance 
with 
a high 
frequency 
amplifier 
like the OPA655 
requires 
careful 
attention 
to 
layout parasitics and selection of external components. 
Sug- 
gestions include: 


• Minimize 
parasitic 
capacitance 
to any AC ground for all 
of the signal I/O pins. Parasitic capacitance 
on the output 
and inverting input pins can cause instability; 
on the non- 
inverting input it can react with the source impedance 
to 
cause 
unintentional 
bandlimiting. 
To reduce 
unwanted 
capacitance, 
a window around the signal I/O pins should 
be opened in all of the ground and power planes. Other- 
wise, ground and power planes should be unbroken 
else- 
where on the board. 


• Minimize 
the distance 
« 
0.25 ") from the four power pins 
to high frequency 
0.11JF decoupling 
capacitors. 
At the 
pins, the ground and power plane layout should not be in 
close proximity 
to the signal I/O pins. The OP A655 may 
be operated 
with only pins 4 and 7 connected 
as supply 
pins allowing a direct replacement 
into existing 8 pin op 
amp pinouts. 
Connecting 
the output 
stage power 
pins 
separately, and decoupling 
them, will give the best distor- 


tion and settling performance. 
Avoid narrow power and 
ground traces to minimize 
inductance 
between 
the pins 
and the decoupling 
capacitors. 
Larger 
(2.21JF to 6.81JF) 
decoupling 
capacitors, 
effective 
at lower 
frequencies, 
should 
also be used. These 
may be placed 
somewhat 
farther from the device and may be shared among several 
devices in the same area of the PC board. 
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type. Surface mount resistors work best and allow a tighter 
overall layout. Metal film or carbon composition 
axially- 
leaded 
resistors 
can also provide 
good high frequency 
performance. 
Again, keep their leads as short as possible. 


Never use wirewound 
type resistors in the signal path for 
a high frequency 
application. 
For the lowest 
parasitic 
capacitance, 
consider the PR8351 style resistor from Pre- 
cision Resistive Products (Phone No. 319-394-9131). These 
precision buffed resistors typically have less than 0.02pF 
shunt parasitic capacitance. 


Since the output 
pin and inverting 
input pin are most 
sensitive to parasitic capacitance, 
always place the feed- 
back, gain setting, and series output resistor 
(if any) as 


close 
as possible 
to the package 
pins. 
For 
a voltage 
follower 
buffer 
application, 
a wide trace (0.1 ") on the 
component 
side of the board between 
pins 6 and 2 will 
reduce frequency 
response 
peaking. 
Be sure to open up 
ground and power planes around this trace to limit para- 
sitic capacitance 
to an AC ground on the output pin. 


• Connections 
to other 
wideband 
devices 
on the board 
may be made with short direct traces or through on-board 
transmission 
lines. 
For short connections, 
consider 
the 
trace and the input to the next device as a lumped capaci- 
tive load. Relatively wide traces (50 to lOOmils) should be 
used, preferably with ground and power planes opened up 
around them. Estimate 
the total capacitive 
load and set 
RISO from the plot of recommended 
RISO vs capacitive 
load. Low parasitic loads may not need an RISO since the 
OPA655 is nominally compensated 
to operate with a 5pF 
parasitic load. 


If a long trace is required and the 6dB signal loss intrinsic 
to doubly 
terminated 
transmission 
lines is acceptable, 


implement 
a matched impedance 
transmission 
line using 
microstrip or stripline techniques 
(consult an ECL design 
handbook 
for microstrip 
and stripline layout techniques). 
A 50n environment 
is not necessary on board, and in fact 
a higher impedance 
environment 
will improve distortion 
as shown in the distortion vs load plot. With a character- 
istic 
impedance 
defined 
based 
on board 
material 
and 


_.. --- 
---r _. -- 
--- 
------- 


tion device; the total effective 
impedance 
should match 
the trace impedance. 
Multiple destination 
devices are best 
handled 
as separate 
transmission 
lines, each with their 
own series and shunt terminations. 


• Socketing 
a high 
speed 
part 
like the OPA6SS 
is not 
recommended. 
The additional lead length and pin-to-pin 
capacitance 
introduced by the socket creates an extremely 
troublesome 
parasitic network which can make it impos- 
sible to achieve a smooth, stable response. Best results are 
obtained by soldering the part onto the board. If socketing 
for the DIP package 
is desired, 
high 
frequency 
flush 
mount pins (e.g. McKenzie 
Technology 
No. 71OC) can 
give good results. 


SPICE 
MODEL AND EVALUATION 
BOARDS 


Computer simulation of circuit performance 
using SPICE is 
often 
useful 
when 
analyzing 
the performance 
of analog 
circuits and systems. This is particularly 
true for Video and 
RF amplifier circuits where parasitic capacitance 
and induc- 
tance can have a major effect on circuit performance. 
SPICE 
models are available on a disk from the Burr-Brown 
Appli- 


cations Department. 


The OPA655 is similar in distortion performance 
and iden- 
tical in pinout to the OP A642. The demonstration 
boards 
developed for the OPA642 are recommended for the OPA655. 
The six boards available 
are: 


Contact your local Burr-Brown 
sales office or distributor 
to 
order demonstration 
boards. 


DEM-OPA64XP-F 
a-pin 
DIP I unity gain follower 
configuration 


DEM·OPA64XP-N 
a-pin DIP I non-inverting 
gain configuration 


DEM-OPA64XP-1 
a-pin 
DIP, inverting 
gain configuration 


DEM-OPA64XU-F 
80-8 
Surface 
Mount, unity gain follower configuration 


DEM-QPA64XU-N 
SO-8 
Surlace 
Mount, 
non-inverting 
gain configuration 


DEM-OPA64XU-1 
80-8 
Surtace 
Mount, inverting gain configuration 
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Wideband, 
Low Power Current Feedback 
OPERATIIONAL AMPLIFIER 


• 
UNITY GAIN STABLE 
BANDWIDTH: 
900MHz 


• 
LOW POWER: 50mW 


• 
LOW DIFFERENTIAL GAINIPHASE ERRORS: 
0.025%/0.02° 


• 
HIGH SLEW RATE: 1700VlJlS 


• 
GAIN FLATNESS: 
0.1dB to 135MHz 


• 
HIGH OUTPUT CURRENT 
(BOmA) 


• 
MEDICAL 
IMAGING 


• 
HIGH-RESOLUTION 
VIDEO 


• 
HIGH-SPEED 
SIGNAL 
PROCESSING 


• 
COMMUNICATIONS 


• 
PULSE AMPLIFIERS 


• 
ADC/DAC 
GAIN AMPLIFIER 


• 
MONITOR 
PREAMPLIFIER 


• 
CCD IMAGING 
AMPLIFIER 


The OPA658 is an ultra-wideband, 
low power current 
feedback 
video operational 
amplifier 
featuring 
high 
slew rate and low differential 
gain/phase 
error. The 
current feedback design allows for superior large sig- 
nal bandwidth, even at high gains. The low differential 
gain/phase 
errors, wide bandwidth 
and low quiescent 


current make the OPA658 a perfect choice for numer- 
ous video, imaging and communications 
applications. 


The OPA658 is optimized for low gain operation and 
is 
also 
available 
in dual 
(OPA2658) 
and 
quad 


(OPA4658) 
configurations. 
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SPECIFICATIONS 


OPA658P, 
U, N 
OPA658PB, 
UB, NB 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 
Closed-Loop 
Bandwidth(2) 
G: 
+1(') 
900 
·(1) 
MHz 
G = +2 
680 
400 
MHz 
G = +5 
370 
MHz 
G: 
+10 
200 
MHz 
Slew 
Rate(3) 
G = +2, 2V Step 
1700 
1000 
V/Jls 
At Minimum Specified Temperature 
1500 
900 
V/Jls 
Settling Time: 0.01% 
G • +2, 2V Step 
15 
ns 
0.1% 
G = +2, 2V Step 
11.5 
ns 
1% 
G - +2, 2V Step 
6 
. 
ns 


Spurious 
Free Dynamic Range 
f : 5MHz, G : +2, Vo: 
2Vp-p 
66 
dBc 


f = 20M Hz, G= +2, Vo = 2Vp-p 
56 
dBc 


Third Order Intercept Point 
1= 10MHz, 4dBm Each Tone 
40 
dBm 
Differential 
Gain 
G: 
+2, NTSC, Vo = 1.4Vp-p, RL = 1500 
0.025 
% 


Differential 
Phase 
G = +2, NTSC, Vo = 1.4Vp-p, RL - 
1500 
0.02 
degrees 
Bandwidth 
lor 0.1dB Flatness 
G = +2 
135(5' 
MHz 


OFFSET VOLTAGE 
Input Offset Vohage 
VOlA= OV 
±3 
±5.5 
±2 
±4.5 
mV 
Over Temperature 
Range 
±5 
±8 
±4 
±7 
mV 
Power Supply Rejection 
Ratio 
Vs = ±4.7 to ±5.5V 
55 
64 
58 
67 
dB 


INPUT BIAS CURRENT 
Non-Inverting 
VCM: 
OV 
±5.7 
±30 
±18 
JlA 
Over Temperature 
Range 
±10 
±80 
±35 
JlA 
Inverting 
VOlA·OV 
±1.1 
±35 
JlA 
Over Temperature 
Range 
±30 
±75 
. 
JlA 


NOISE 
Input Voltage Noise Density 
nVl~ 
I-100Hz 
11 
,: 
2kHz 
3.3 
nV/~ 
I. 
10kHz 
2.7 
nV/~ 


f.1MHz 
2.7 
nV/~ 


fs - 100Hz to 200MHz 
38.2 
JiVrms 


Input Bias Current Noise Density 
pAl~ 
Inverting: f = 10MHz 
12.6 
Non-Inverting: 
f .z 10MHz 
12.6 
pAl~ 
Noise Figure (NF) 
Rs: 
500 
10 
dB 
Rs = 1000 
8 
dB 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
Over Temperature 
Range 
±2.5 
±2.9 
V 


Common-Mode 
Rejection 
VeM = ±lV 
45 
50 
dB 


INPUT IMPEDANCE 
Non-Inverting 
500111 
kO II pF 
inverting 
50 
0 


OPEN-LOOP 
TRANSRESISTANCE 
Open-Loop 
Transresistance 
Vo - ±2V, RL - 
1000 
150 
190 
200 
250 
kO 


Over Temperature 
Range 
Vo - ±2V, RL - 
1000 
100 
150 
kO 


OUTPUT 
Vohage Output 
No Load 
±2.7 
±2.9 
V 
Over Temperature 
Range 
±2.5 
±2.75 
V 
Voltage Output 
RL - 2500 
±2.7 
±2.9 
V 
Over Temperature 
Range 
±2.5 
±2.7 
V 
Vohage Output 
RL: 
1000 
±2.2 
±2.8 
V 
Over Temperature 
Range 
±2.0 
±2.5 
V 
Output Current, Sourcing 
80 
120 
mA 
Over Temperature 
70 
mA 
Output Current, Sinking 
60 
80 
mA 
Over Temperature 
35 
mA 
Short Circuit Current 
150 
mA 
Output Resistance 
O.lMHz, 
G. 
+2 
0.02 
0 


POWER SUPPLY 
Specilied 
Operating 
Vohage 
±5 
V 
Operating 
Vohage Range 
±4.5 
±5.5 
V 
Quiescent 
Current 
Vs: 
±5V 
±5 
±7.75 
±4.5 
±5.75 
mA 
Over Temperature 
Range 
±5.5 
±8.5 
±4.7 
±6.5 
mA 
TEMPERATURE 
RANGE 
Specification: 
P, U, N, PB, UB, NB 
-40 
+85 
·C 


Thermal 
Resistance, 
9JA 
P 
8-Pin DIP 
100 
·cm 
U 
SO-8 
125 
·em 
N 
SOT23·5 
150 
·cm 


NOTES: (1) An asterisk (') specifies the same value as the grade to the leh. (2) Frequency 
response can be strongly 
influenced 
by PC board parasitles. 
The 
demonstration 
board, DEM-OPA65X 
shows a low parasitic layout for this part. Refer to the demonstration 
board layout for details. (3) Slew rate is rate of change 
from 10% to 90% 01 output voltage step. (4) At G = +1, R,s ~ 5600 
lor PDIP and 4020 
lor SO-8. (5) This specilication 
is PC board layout dependent. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Supply................. 
. 
±S.SV 
Internal Power 
Dissipation 
. 
See Thermal 
Considerations 
Differential 
Input Voltage 
±1.2V 
Input Vohage Range 
±Vs 


Storage Temperature 
Range: P, PB, U, UB 
--4O"C to +12S·C 
Lead Temperature 
(soldering, 
10s) 
+300·C 
(soldering, 
SOIC 3s) . 
. 
.. +260·C 
Junction Temperature 
(TJ) 
...••.•••.• 
. ..................•........ 
+17S·C 


PIN CONFIGURATION 


Top View 
DIPIS0-8 


NC 
NC 
CO 


-Input 
+Vs 
It) 
(0 


+Input 
Output 
~ 
-Vs 
4 
S 
NC 
0 


SOT23·5 
A 
ELECTROSTATIC 


~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 


formance degradation to complete device failure. Bun·-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate 
ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


PACKAGE 
DRAWING 
TEMPERATURE 
PACKAGE 
ORDERING 
MODEL 
PACKAGE 
NUMBER") 
RANGE 
MARKINGI') 
NUMBER 


OPA658U 
50-8 
Surface Mount 
182 
--40·C to +8S·C 
OPA658U 
OPA6S8U 
OPA658UB 
50-8 
Surface Mount 
182 
--40·C to +8S·C 
OPA658UB 
OPA6S8UB 
OPA658P 
8-Pin Plastic DIP 
006 
-40°C 
to +85°C 
OPA6S8P 
OPA6S8P 
OPA658PB 
8-Pin Plastic DIP 
006 
--40·C to +8S·C 
OPA6S8PB 
OPA6S8PB 


PACKAGE 
DRAWING 
TEMPERATURE 
PACKAGE 
ORDERING 
MODEL 
PACKAGE 
NUMBERI" 
RANGE 
MARKING 
NUMBER 


OPA6S8N 
S-Pin SOT23-S 
331 
--40·C to +8S·C 
- 
- 
OPA658NB 
S-Pin SOT23-S 
331 
--40·C to +BS·C 
- 
- 


The information 
provided herein Is belieVed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR· BROWN assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without not~. 
No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in hfe support devices 
and/or 
systems. 
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COMMON-MODE 
REJECTION 


PSRR AND CMR vs TEMPERATURE 
vs INPUT COMMON-MODE 
VOLTAGE 
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TYPICAL PERFORMANCE CURVES (CO NT) 


2.0 
~ 
1.8 
10 


1.6 
E 
~ 1.4 
() 
~ 1.2 
iii 
5 
1.0 
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C> 
0.8 
c:1: 
Q> 
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TYPICAL PERFORMANCE CURVES (CO NT) 


CLOSED-LOOP 
BANDWIDTH 
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TYPICAL PERFORMANCE CURVES (CONT) 
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Conventional 
op amps depend 
on feedback 
to drive their 
inputs to the same potential, 
however the current feedback 
op amp's 
inverting 
and non-inverting 
inputs are connected 
by a unity gain buffer, thus enabling the inverting 
input to 
automatically 
assume the same potential 
as the non-invert- 
ing input. This results in very low impedance at the inverting 
input to sense the feedback as an error current signal 


DISCUSSION 
OF PERFORMANCE 


The OPA658 
is a low-power, 
unity 
gain stable, 
current 
feedback operational amplifier which operates on ±5V power 
supply. The current feedback architecture 
offers the follow- 
ing important 
advantages 
over voltage 
feedback 
architec- 
tures: (1) the high slew rate allows the large signal perfor- 
mance to approach 
the small signal performance, 
and (2) 
there is very little bandwidth 
degradation 
at higher 
gain 
settings. 


The current feedback 
architecture 
of the OPA658 provides 
the traditional 
strength 
of excellent 
large signal response 
plus wide bandwidth, making it a good choice for use in high 
resolution 
video, medical 
imaging 
and DAC IJV Conver- 
sion. The low power 
requirements 
make 
it an excellent 
choice for numerous 
portable applications. 


The circuit 
in Figure 
1 shows 
the equivalent 
circuit 
for 
calculating 
the DC gain. When operating 
the device in the 
inverting mode, the input signal error current (IIJ is ampli- 
fied by the open loop transimpedance 
gain (To). The output 
signal generated 
is equal to To x IE. Negative 
feedback 
is 
applied through RFB such that the device operates at a gain 
equal to -RFBIRFF. 


inverting input. The signal generated at the output is fed back 
to the inverting input such that the overall gain is (1 + RFBIRFF). 
Where a voltage-feedback amplifier has two symmetrical high 
impedance 
inputs, a current feedback 
amplifier 
has a low 
inverting (buffer output) impedance and a high non-inverting 
(buffer input) impedance. 


The closed-loop 
gain for the OPA658 
can be calculated 
using the following 
equations: 
-(~:) 
Inverting Gain = 
I 
1+---- 
Loop Gain 


Non-Inverting 
Gain = 
[ 
1 
+ ~ 
] 
1+ __ 
1__ 


Loop Gain 


Rffi+R~G+t J1 


At higher gains the small value inverting 
input impedance 
causes an apparent loss in bandwidth. This can be seen from 


the equation: 
[f 
BW]X(1.25) 
(Av=+2) 
(3) 


f AQVAL 


BW 


~ [1+(:~)X(l+ 
~:)] 


This 
loss 
in bandwidth 
at high 
gains 
can 
be corrected 
without 
affecting 
stability 
by lowering 
the value 
of the 
feedback 
resistor from the specified 
value of 402f:l. 


OFFSET 
VOLTAGE 
AND NOISE 


The output offset is the algebraic 
sum of the input offset 
voltage and bias current errors. The output offset for non- 
inverting operation 
is calculated 
by the following 
equation: 


Output Offset Voltage = ±IbN x RN (1 + ~: 
) ± 
(4) 


V10(1+ 
~: 
)±IbI 
x RFB 


If all terms are divided by the gain (1 + RFBIRFF)it can be 
observed that input referred offsets improve as gain increases. 
The effective noise at the output can be detennined 
by taking 


FIGURE 
2. Output Offset Voltage Equivalent 
Circuit. 
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spectral nmse values touno 10me 1yplCal rerrormance 
Lurve 
graph section. This applies to noise from the op amp only. 
Note that both the noise figure (NF) and the equivalent input 
offset voltages improve as the closed loop gain increases (by 
keeping RFB fixed and reducing RFF with RN = On). 


INCREASING 
BANDWIDTH 
AT HIGH GAINS 


The closed-loop 
bandwidth can be extended at high gains by 
reducing the value of the feedback resistor RFB. This band- 
width reduction is caused by the feedback current being split 
between Rs and RFF(refer to Figure 1). As the gain increases 
(for a fixed RFB), more feedback current is shunted through 
RFF, which reduces closed-loop 
bandwidth. 


CIRCUIT 
LAYOUT 
AND BASIC OPERATION 


Achieving optimum performance 
with a high frequency am- 
plifier like the OPA658 requires careful attention t 
layout 
parasitics and selection of external components. 
Recommen- 
dations for PC board layout and component selection include: 


a) Minimize 
parasitic 
capacitance 
to any ac ground for all 
of the signal 1/0 pins. Parasitic 
capacitance 
on th,~ output 
and inverting 
input pins can cause instability; 
on the non- 
inverting 
input it can react with the source impedance 
to 
cause unintentional 
bandlimiting. 
To reduce unwanted 
ca- 
pacitance, 
a window around the signal 1/0 pins should be 
opened in all of the ground and power planes. Otherwise, 
ground and power planes should be unbroken elsewhere 
on 
the board. 


b) Minimize 
the distance 
« 
0.25") from the two power pins 
to high frequency 
O.lJ.IFdecoupling 
capacitors. 
At the pins, 


the ground and power plane layout should not be in close 
proximity 
to the signal 1/0 pins. Avoid narrow power and 
ground traces to minimize inductance 
between the 
ins and 
the decoupling capacitors. Larger (2.2J.IFto 6.8J.1F)decoupling 
capacitors, 
effective 
at lower frequencies, 
should 
also be 
used. 
These 
may 
be placed 
somewhat 
farther 
from 
the 
device and may be shared among several devices in the same 
area of the PC board. 


c) Careful 
selection 
and 
placement 
of external 
compo- 
nents will preserve 
the high frequency 
performance 
of the 
OPA658. 
Resistors 
should be a very low reactance 
type. 


Surface mount resistors work best and allow a tighter overall 
layout. 
Metal 
film 
or carbon 
composition 
axially-leaded 
resistors can also provide good high frequency performance. 
Again, 
keep 
their 
leads 
as short 
as possible. 
Never 
use 
wirewound 
type resistors in a high frequency application. 


Since the output pin and the inverting 
input pin are most 
sensitive to parasitic capacitance, 
always position the feed- 
back and series output resistor, if any, as close as possible to 
the package pins. Other network components, 
such as non- 
inverting input termination 
resistors, 
should also be placed 
close to the package. 


The feedback 
resistor value acts as the frequency 
response 
compensation 
element for a current feedback type amplifier. 


Ilal 
IIH1AUU<1UY Hal 
UUllCl 
WUIUl 
lC.:llPVU;)C Williii:' a~»u.uUllo a 
2pF OUtput pin parasitic. 
Increasing 
the feedback 
resistor 
will over compensate the amplifier, rolling off the frequency 
response, 
while decreasing 
it will decrease 
phase margin, 
peaking up the frequency 
response. Note that a non-invert- 
ing, unity gain buffer application 
still requires 
a feedback 
resistor for stability (560n 
for SO-8 and 402n 
for PDIP). 


d) Connections 
to other 
wideband 
devices 
on the board 
may be made with short direct traces or through on-board 
transmission 
lines. For short connections, 
consider the trace 
and the input to the next device as a lumped capacitive load .• 
Relatively 
wide traces 
(50 to 100 mils) should 
be used, 


preferably with ground and power planes opened up around 
them. Estimate 
the total capacitive 
load and set RtSO from 
CJ) 
the plot of recommended 
R1SO vs capacitive 
load. 
Low 
a: 
parasitic loads may not need an R1SOsince the OPA658 
is 
W 
nominally compensated 
to operate with a 2pF parasitic load. 
u: 


If a long trace is required and the 6dB signal loss intrinsic to ::i 
doubly terminated 
transmission 
lines is acceptable, 
imple- 
a. 


ment a matched impedance transmission line using microstrip 
:E 
or stripline techniques (consult an ECL design handbook for 
<C 
microstrip and stripline layout techniques). 
A 50n environ- 
..J 
ment is not necessary 
on board, and in fact a higher imped- 
<C 
ance environment 
will improve 
distortion 
as shown in the 
Z 
distortion 
vs load plot. With 
a characteristic 
impedance 
0 
defined 
based on board material 
and desired 
trace dimen- 
t=; 
sions, 
a matching 
series 
resistor 
into the trace from the 
ic:C 
output of the amplifier is used as well as a terminating 
shunt 
a: 
resistor 
at the input of the destination 
device. 
Remember 
W 
also that the terminating 
impedance 
will be the parallel 
a. 


combination 
of the shunt resistor and the input impedance of 0 
the destination 
device; the total effective impedance 
should 
match the trace impedance. 
Multiple destination 
devices are 
best handled as separate transmission 
lines, each with their 
own series and shunt terminations. 


If the 6dB attenuation 
loss of a doubly terminated 
line is 


unacceptable, 
a long trace can be series-terminated 
at the 
source end only. This will help isolate the line capacitance 
from the op amp output, but will not preserve signal integrity 
as well as a doubly terminated 
line. If the shunt impedance 
at the destination 
end is finite, there will be some signal 
attenuation 
due to the voltage divider formed by the series 
and shunt impedances. 


e) Socketing 
a high speed 
part 
like the OPA658 
is not 
recommended. 
The additional 
lead length and pin-to-pin 
capacitance 
introduced 
by the socket creates an extremely 
troublesome 
parasitic 
network 
which 
can make it almost 
impossible to achieve a smooth, stable response. Best results 
are obtained by soldering the part onto the board. If socket- 
ing for the DIP package 
is desired, 
high frequency 
flush 
mount pins (e.g., McKenzie 
Technology 
#71OC) can give 
good results. 


The OPA658 
is nominally 
specified 
for operation 
using 
±5V power supplies. A 10% tolerance on the supplies, or an 
ECL -5.2V 
for the negative supply, is within the maximum 
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specified total supply voltage of 11V. Higher supply voltages 
can break down internal junctions 
possibly leading to cata- 
strophic failure. Single supply operation is possible as long as 
common 
mode voltage constraints 
are observed. 
The com- 
mon mode input and output voltage specifications 
can be 
interpreted 
as a required 
headroom 
to the supply voltage. 


Observing 
this input and output headroom requirement 
will 


allow 
non-standard 
or single 
supply 
operation. 
Figure 
3 


shows one approach to single-supply 
operation. 


+vs 
+vs 


~ 
Your: 
~+AvVAC 


V 


ACo----j 
/2 
I 
Rourt 
-=- 


402Q 


ESD PROTECTION 


ESD static damage has been well recognized 
for MOSFET 
devices, but any semiconductor 
device deserves protection 


from this potentially 
damaging 
source. This is particularly 


true for very high speed, fine geometry processes. 


ESD static damage 
can cause subtle changes 
in amplifier 
input characteristics 
without necessarily 
destroying 
the de- 


vice. In precision 
operational 
amplifiers, 
this may cause a 
noticeable degradation of offset voltage and drift. Therefore, 
static protection 
is strongly 
recommended 
when handling 
the OPA658. 


OUTPUT 
DRIVE CAPABILITY 


The OPA658 
has been optimized 
to drive 75Q and 100Q 
resistive loads. The device can drive 2Vp-p into a 75Q load. 
This high-output 
drive capability 
makes 
the OPA658 
an 
ideal choice for a wide range of RF, IF, and video applica- 
tions. In many cases, additional 
buffer amplifiers 
are un- 
needed. 


Many 
demanding 
high-speed 
applications 
such 
as 


ADCIDAC 
buffers 
require 
op amps with low wideband 
output impedance. 
For example, 
low output impedance 
is 
essential when driving the signal-dependent 
capacitances 
at 
the inputs 
of flash AID converters. 
As shown in Figure 4, 


the OPA658 maintains 
very low closed-loop 
output imped- 


ance 
over 
frequency. 
Closed-loop 
output 
impedance 
in- 


creases with frequency 
since loop gain is decreasing 
with 
frequency. 


g 


0.01 


100k 
1M 


Frequency (HZ) 


THERMAL 
CONSIDERATIONS 


The OPA658 will not require heatsinking 
under most oper- 
ating conditions. 
Maximum 
desired junction 
temperature 
will set a maximum 
allowed internal power dissipation 
as 


described 
below. In no case should the maximum junction 
temperature 
be allowed to exceed 
175°C. 


Operating 
junction 
temperature 
(TJ) 
is 
given 
by 


TA + Po • 9JA• The total internal power dissipation 
(Po) is 


the sum of quiescent 
power 
(PDQ) and additional 
power 
dissipated 
in the output stage (PoJ 
to deliver load power. 


Quiescent 
power 
is simply 
the specified 
no-load 
supply 


current times the total supply voltage across the part. POL 
will depend 
on the required 
output 
signal 
and load but 
would, for a grounded resistive load, be at a maximum when 
the output is fixed at a voltage equal to 1/2 either supply 
voltage 
(for equal bipolar 
supplies). 
Under this condition 
POL = Vs2/(4 • RJ 
where RL includes 
feedback 
network 


loading. 


Note that it is the power in the output stage and not into the 
load that determines 
internal power dissipation. 


As an example, compute the maximum TJ for an OPA658N 
at Av = +2, RL = 100Q, RFB = 402Q, ±Vs = ±5V, and the 
specified maximum 
TA = +85°e. 
Po = lOV • 8.5mA + 52/ 
[4 • (lOOQ II 804Q)] = 155mW. Maximum 
TJ = 85°C + 
O.155W. 
150°CIW = 108°e. 


DRIVING 
CAPACITIVE 
LOADS 


The OPA658's 
output stage has been optimized to drive low 


resistive loads. Capacitive loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 


peaking 
or oscillations. 
Capacitive 
loads greater than 5pF 


should be buffered by connecting 
a small resistance, 
usually 


lOQ to 35Q, in series with the output as shown in Figure 5. 
This is particularly 
important when driving high capacitance 


loads such as flash AID converters. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 


cable 
(29pF/foot 
for RG-58) 
will not load the amplifier 
when the coaxial 
cable or transmission 
line is terminated 
with its characteristic 
impedance. 
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COMPENSATION 


The OPA658 is internally compensated 
and is stable in unity 
gain with a phase margin of approximately 
62°, and approxi- 
mately 64° in a gain of +2VN 
when used with the recom- 
mended 
feedback 
resistor 
value. 
Frequency 
response 
for 
other gains are shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA658 
in a good 
layout is very flat with frequency. 


The OPA658's 
Harmonic 
Distortion 
characteristics 
into a 
IOOil load are shown versus frequency and power output in 
the Typical Performance 
Curves. Distortion 
can be further 
improved 
by increasing 
the load resistance 
as illustrated 
in 
Figure 
6. Remember 
to include 
the contribution 
of the 
feedback 
resistance 
when calculating 
the effective 
load re- 
sistance seen by the amplifier. 


_ 
~o 
dl 
:s!. 
" 
~5 
.2 
1::~ 
is 
.~ 
o 
E 
i;; 
:z: 


100 


Load Resistance (il) 


Narrowband 
communication 
channel requirements 
will ben- 
efit 
from 
the 
OPA658's 
wide 
bandwidth 
and 
low 
intermodulation 
distortion on low quiescent power. If output 
signal power at two closely spaced frequencies 
is required, 
third-order 
nonlinearities 
in any amplifier will cause spuri- 
ous 
power 
at 
frequencies 
very 
near 
the 
two 
funda- 
mental 
frequencies. 
If the two test frequencies, 
f, and f2, 
are 
specified 
in terms 
of average 
and 
delta 
frequency, 
fO = (f1 + f2)/2 
and M = I f2 - ft I, the two, thIrd-order, 
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close-in spurious tones will appear at fo ±3 • ~f. The two 
tone, third-order 
spurious plot shown in Figure 7 indicates 
how far below these two equal power, closely spaced, tones 
the intermodulation 
spurious will be. The single tone power 
is at a matched 50il load. The unique design of the OPA658 
provides much greater spurious free range than what a two- 
tone third-order intermodulation 
intercept specification would 
predict. This can be seen in Figure 7 as the spurious 
free 
range actually increases 
at the higher output power levels. 


-90 
-18 -16 -14 -12 -10 
-8 
~ 
-4 
-2 
2 
4 


Single Tone Power (dBm) 


DIFFERENTIAL 
GAIN AND PHASE 


Differential Gain (dG) and Differential Phase (dP) are among 
the more important specifications 
for video applications. 
dG 
is defined as the percent change in closed-loop 
gain over a 
specified change in output voltage level. dP is defined as the 
change in degrees of the closed-loop 
phase over the same 
output voltage change. Both dG and dP are specified at the 
NTSC sub-carrier 
frequency of 3.58MHz and the PAL sub- 
carrier 
of 4.43MHz. 
All NTSC 
measurements 
were per- 
formed using a Tektronix 
model VM700A Video Measure- 
ment Set. 


dG/dP of the OPA658 were measured with the amplifier in a 
gain of +2VN 
with 75il 
input impedance 
and the output 
back-terminated 
in 75il. The input signal selected from the 
generator was a OV to 1.4V modulated ramp with sync pulse. 
With these conditions 
the test circuit 
shown 
in Figure 
8 
delivered a lOOIRE modulated ramp to the 75il input of the 
videoanalyzer. 
The signal averaging 
feature of the analyzer 


,,,,, 


75Q: ,,,,, 
, 
, 
tT_E~_':~~~~ 
_: 


to eliminate the generator's 
contribution 
to measured ampli- 
fier performance. 
Typical 
performance 
of the OPA658 
is 
0.025% differential 
gain and 0.020 differential 
phase to both 
NTSC and PAL standards. 


NOISE FIGURE 


The OPA658' s voltage and current noise spectral densities 
are specified 
in the Typical 
Performance 
Curves. 
For RF 
applications, 
however, 
Noise Figure (NF) is often the pre- 


ferred noise specification 
since it allows system noise per- 
formance to be more easily calculated. The OPA658's 
Noise 
Figure vs Source Resistance 
is shown in Figure 9. 


iO 25 
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~ 
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~ 
15 
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J, 
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<Ul<U)'Llill;; 
lilt: pt:normance 
or analog ClfCUItSand systems. 


This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. SPICE models using MicroSim 
Corporation's 
PSpice are available 
for the OPA658. 
Con- 
tract Burr-Brown applications departments to receive a SPICE 
Diskette. 
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FIGURE 
Ila. Evaluation 
Board Silksereen 
(Bottom). 
lIb. Evaluation 
Board Silksereen (Top). lIe. Evaluation 
Board Layout 


(Solder Side). lId. 
Evaluation 
Board Layout (Layout Side). 
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Wide Bandwidth 
OPERATIONAL 
TRANSCONDUCTANCE 
AMPLIFIER 
AND BUFFER 


• 
WIDE BANDWIDTH: 
850M Hz 


• 
HIGH SLEW 
RATE: 3000V/llS 


• 
LOW DIFFERENTIAL 
GAIN/PHASE 
ERROR: 
0.06%/0.02° 


• 
VERSATILE 
CIRCUIT 
FUNCTION 


• 
EXTERNAL 
la-CONTROL 


The 
OPA660 
is a versatile 
monolithic 
component 
designed for wide-bandwidth 
systems including high 
performance 
video, RF and IF circuitry. It includes a 
wideband, 
bipolar 
integrated 
voltage-controlled 
cur- 
rent source and voltage buffer amplifier. 


The voltage-controlled 
current source or Operational 
Transconductance 
Amplifier (OTA) can be viewed as 
an "ideal transistor." 
Like a transistor, 
it has three 
terrninals-a 
high-impedance 
input 
(base), 
a low- 
impedance 
input/output 
(emitter), 
and the current 
output (collector). 
The OTA, however, is self-biased 
and bipolar. The output current is zero-for-zero 
dif- 
ferential input voltage. AC inputs centered about zero 
produce an output current which is bipolar and cen- 
tered about zero. The transconductance 
of the OT A 
can be adjusted 
with an external 
resistor, 
allowing 
bandwidth, 
quiescent 
current and gain trade-offs 
to 
be optimized. 


The open-loop 
buffer 
amplifier 
provides 
850MHz 
bandwidth 
and 3000V/~ 
slew rate. Used as a basic 
building block, the OPA660 simplifies 
the design of 
AGC amplifiers, 
LED driver circuits for Fiber Optic 
Transmission, 
integrators for fast pulses, fast control 


loop amplifiers, 
and control amplifiers for capacitive 
sensors and active filters. 


The OPA660 
is packaged 
in 80-8 
surface-mount, 
and 8-pin plastic DIP, specified from -40°C to +85°C. 


• 
VIDEO/BROADCAST 
EQUIPMENT 


• 
COMMUNICATIONS 
EQUIPMENT 


• 
HIGH-SPEED 
DATA ACQUISITION 


• 
WIDEBAND 
LED DRIVER 


• 
DIRECT-FEEDBACK 
AMPLIFIER 


• 
AGC-MUL TIPLIER 


• 
NS-PULSE 
INTEGRATOR 


• 
CONTROL 
LOOP AMPLIFIER 


• 
400MHz 
DIFFERENTIAL 
INPUT 
AMPLIFIER 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


OTA TRANSCONDUCTANCE 
0 
Transconductance 
Vc·OV 
75 
125 
200 
mAN 
CD 


OTA INPUT OFFSET VOLTAGE 
VB: 
0 
CD 


Initial 
+10 
±30 
mV 
~ 
vs Temperature 
50 
~vrc 


vs Supply (tracking) 
Vs = M.5V 
to ±5.5V 
55 
60 
1 
dB 
0 
vs Supply (non-tracking) 
V+ : 4.5V to 5.5V 
40 
45 
dB 


vs Supply (non-tracking) 
V- : -4.5V 
to -5.5V 
40 
48 
dB 


OTA B·INPUT 
BIAS CURRENT 
Initial 
-2.1 
±5 
~ 


vs Temperature 
5 
nWC 


vs Supply (tracking) 
Vs = M.5V 
to ±5.5V 
±750 
nAN 
en 
vs Supply (non-tracking) 
V+ = 4.5V to 5.5V 
±1500 
nAN 
a: 
vs Supply (non-tracking) 
V- : --4.5V to -5.5V 
±500 
nAN 


OTA OUTPUT 
BIAS CURRENT 
W 


Output Bias Current 
VB" 
0, Vc: 
OV 
±10 
±20 
~ 
i:L 


vs Temperature 
500 
nWC 
~ 
vs Supply (tracking) 
Vs : ±4.5V to ±5.5V 
±10 
±25 
~ 
vs Supply (non-tracking) 
V+ = 4.5V to 5.5V 
±10 
±25 
~ 
D.. 


vs Supply (non-tracking) 
V- : ·-4.5V to -5.5V 
±10 
±25 
~ 
:E 
OTA OUTPUT 
<I: 
Output Current 
±10 
±15 
mA 
...J 
Output Vo~age Compliance 
10 = ±1mA 
±4.0 
±4.7 
V 


Output Impedance 
25k 114.2 
011 pF 
<I: 
Open-Loop 
Gain 
f: 
1kHz 
70 
dB 
Z 


BUFFER 
OFFSET VOLTAGE 
0 


Initial 
+7 
±30 
mV 
~ 


vs Temperature 
50 
~vrc 
vs Supply (tracking) 
Vs: 
t4.5V to ±5.5V 
55 
60 
dB 
a: 
vs Supply (non-tracking) 
V+ ., 4.5V to 5.5V 
40 
45 
dB 


vs Supply (non-tracking) 
V- 
= -4.5V 
to -5.5V 
40 
48 
dB 
W 


BUFFER 
INPUT BIAS CURRENT 
D.. 


Initial 
-2.1 
±5 
~ 
0 
vs Temperature 
5 
nWC 
vs Supply (tracking) 
Vs : 14.5V to ±5.5V 
±750 
nAN 


vs Supply (non-tracking) 
V+ " 4.5V to 5.5V 
11500 
nAN 
vs Supply (non-tracking) 
V- : -4.5V 
to -5.5V 
±500 
nAN 


BUFFER and OTA INPUT IMPEDANCE 
Input Impedance 
1.0112.1 
MO II pF 


BUFFER 
INPUT NOISE 
Vo~age Noise Density, f • 100kHz 
4 
nVt-IHz 


BUFFER 
DYNAMIC 
RESPONSE 
Small Signal Bandwidth 
V" = ±100mV 
850 
MHz 
Full Power Bandwidth 
"a 
= 11.4V 
800 
MHz 


"a 
= ±2.5V 
570 
MHz 
Differential 
Gain Error 
3.51lMHz, at 0.7V 
0.06 
% 


Differential 
Phase 
Error 
3.5BMHz, at 0.7V 
0.02 
Degrees 
Harmonic 
Distortion, 2nd Harmonic 
f = 10WHz, Va = 0.5Vp-p 
-68 
dBc 
Slew Rate 
5V Step 
3000 
V//lS 
Settling 
Time 0.1% 
2V Step 
25 
ns 
Rise Time 
(10"10 to 90%) 
Va • 100mVp-p 
1 
ns 
5V Step 
1.5 
ns 
Group Delay Time 
250 
ps 


BUFFER 
RATED OUTPUT 
Voltage Output 
10= 11mA 
±3.7 
14.2 
V 
Current Output 
±10 
±15 
mA 
Gain 
RL: 
5000 
0.96 
0.975 
VN 


RL = 5kO 
0.99 
VN 
Output Impedance 
7112 
011 pF 


POWER SUPPLY 
Voltage, 
Rated 
15 
V 


Derated 
Performance 
±4.5 
±5.5 
V 
Quiescent 
Current 
(Programmable, 
Useful 
Range) 
±3 to±26 
mA 


BURR· 
BROWNe 
1-=--=-1 
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A 
ELECTROSTATIC 
J,J;J;". DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications. 


Enable 


NC 
NC 
OTA Input. Low Impedance 
OTA Input, High Impedance 
-SV Supply, Output 
-SV Supply 
Buffer Input 
Buffer Output 
+SV Supply 
+SV Supply, Output 
NC 
OTA Output 
NC 


Substrate 
Bles: 
Negative Supply 
NC: No Connection 
Wire 
Bonding: 
Gold wire bonding 
is recommended. 


MILS (0.001") 
MILUMETERS 


Die Size 
41 xn,±s 
LOS x 1.9S, ±0.13 


Die Thickness 
14±1 
O.SS,±0.02S 
Min. Pad Size 
4x4 
0.10xO.10 


Backing: 
Titanium 
0.02,+0.OS,-{l.0 
0.000S,+0.0013, 
-{l.0 
Gold 
0.30, ±O.OS 
0.0076, ±0.0013 


............... ±6V 
.. 
±Vs ±0.7V 


.. 
-40"C 
to +SS"C 


.. 
-4O"C to +12S"C 
.. 
+150"C 
.. 
+300"C 


Power Supply Voltage 
. 


Input Voltage(') 
. 


Operating 
Temperature 
. 


Storage 
Temperature 
. 


Junction 
Temperature 
. 
Lead Temperature 
(soldering, 
1Os) 
. 


NOTE: (1l Inputs are internally diode-clamped 
to ±Vs· 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


OPA660AP 
S-Pin Plastic DIP 
006 
OPA660AU 
SO-S Surface-Mount 
lS2 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


OPA660AP 
Plastic S-Pin DIP 
-2S"C 
to +SS"C 
OPA660AU 
SO-S Surface-Mount 
-2S"C 
to +SS"C 


The Informatfon pravlooo herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specrtications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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BURR - BROWN® 
IElElI 
ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document 
Number 11120 


Wide Bandwidth, Fast Settling 
DifefPJ OPEFtATIONAL 
AMPLIFIER 


• 
WIDE GAIN-BANDWIDTH: 
35MHz 


• 
HIGH SLEW RATE: 100V/I1s 


• 
FAST SETTLING: 
240ns to 0.01% 


• 
FET INPUT: 
10 = 50pA 
max 


• 
HIGH OUTPUT 
CURRENT: 
50mA 


• 
WIDE SUPPLY 
RANGE: 
Vs = ±4.5" 
±18V 


The OPA671 
is a FET-input 
monolithic 
operational 
amplifier 
featuring 
wide bandwidth 
and fast settling 
time. Fabricated 
using Burr-Brown's 
Difet, comple- 
mentary bipolar process, it provides an excellent com- 
bination 
of high speed, 
accuracy, 
and high 
output 
current. 


The OPA671 
is versatile, 
operating 
from ±4.5V 
to 
±18V power supplies. It can deliver±IOV 
signals into 
a 200n load at slew rates of lOOV/I!S.OPA67 I's Difet 
input provides 
input bias current thousands 
of times 


lower than bipolar-input 
wideband op amps. 


The OPA671 is internally 
compensated 
and is unity- 
gain stable, allowing use in the widest range of applica- 
tions. 


The OPA67 I is available in an 8-pin plastic DIP, rated 
for the industrial temperature 
range. 


• 
HIGH-SPEED 
DATA ACQUISITION 


• 
OPTOELECTRONICS 


• 
TRANSIMPEDANCE 
AMPLIFIER 


• 
LINE DRIVER 


Dire,. Burr-Brown 
Corporation 


International 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO e ox 11400 
• 
Tucson, 
AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 


Tel: (520) 746-1111 
• 
Twx: 910-952-1111 
• 
cable: 
BBRI:ORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Info: (BOO) 548-6132 


BURR-BROWNe 
IElElI 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


OPA671AP 


PARAMETER 
CONDmON 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
±0.5 
±5 
mV 


Average Drift 
±10 
/iV/·C 
Power Supply Rejection 
Vs: 
±4.5to 
±16.5V 
72 
94 
dB 


INPUT BIAS CURRENTl') 
Input Bias Current 
VCM·OV 
5 
50 
pA 


Input Offset Current 
VCM" OV 
2 
pA 


NOISE 
Input Voltage 
Noise 
nVI.JHz 
Noise Density, f • 100Hz 
I~ 
24 
f = 1kHz 
15 
nVl.JHz 
f: 
10kHz 
~ 
12 
nVI.JHz 


f = 100kHz 
10 
nVI.JHz 


Voftage Noise, BW = 10Hz to 1MHz 
60 
/iVp-p 


Input Bias Current 
Noise 
fAI.JHz 
Current Noise Density, f : 10Hz to 1MHz 
~ 
2 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±12 
±13 
V 


Common-Mode 
Rejection 
VCM" ±10V 
74 
92 
dB 


INPUT IMPEDANCE 
Differential 
1012114.5 
011 pF 
Common-Mode 
10'2116 
011 pF 


OPEN·LOOP 
GAIN 
Open-Loop 
Voltage Gain 
Va. 
±10V, RL: 
1kQ 
80 
dB 
Va = ±10V, RL = 2000 
74 
78 
dB 


FREQUENCY 
RESPONSE 
. 


Gain-Bandwidth 
Product 
35 
MHz 
Slew Rate 
G _-1, 
10V Step 
107 
VIliS 


Settling Time 
0.01% 
G :-1, 
10V Step 
240 
ns 
0.1% 
G.-1,10VStep 
150 
ns 
1% 
G:-1,10VStep 
85 
. 
ns 


Total 
Hannonic 
Distortion 
G.1,t.100kHz 
0.0006 
% 


Va" 
3V, RL: 
2000 


OUTPUT 
Voltage Output 
RL·2000 
±10.5 
±1'.5 
V 


Current 
Output 
Va. 
±10V 
50 
mA 


Short Circult Current 
-90/+105 
mA 
Output Resistance, Open-Loop 
DC 
20 
0 


POWER SUPPLY 
Specified Operating Voltage 
±15 
V 
Operating 
Voltage 
Range 
±4.5 
±18 
V 
Quiescent 
Current 
±14.8 
±17 
mA 


TEMPERATURE 
RANGE 
Specification 
-25 
+85 
·C 
Operating 
--40 
+100 
·C 
Storage 
--40 
+125 
·C 


Thermal 
Resistance, 
(JJA. 
100 
oelW 


The information 
provided 
herein is believed 
to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes 


no responslblllty 
for the use of this information. 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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PAD 
FUNCTION 


1 
-In 
2 
+In 
3 
10 
4 
Comp In 
S 
Comp Out 
6 
-Short 
Circuit Bypass 


7 
-V 
B 
-V for OIP Stage 
9 
Balance 2A 


10 
Output 


11 
+V for OIP Stage 


12 
+V 


13 
+Short Circurt Bypass 


14 
Balance 2B 
1S 
Balance 1 


16 
Slope 
17 
ReM 


1B 
R9 


A 
ELECTROSTATIC 
Jl!Jta. DISCHARGE SENSITIVITY 


An integrated 
circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated 
circuits may 


be more susceptible to damage because very small parametric 
changes 
could 
cause 
the device 
not to meet 
published 


specifications. 


Power Supply Vonage 
.. 
±lBV 
Input Vonage 
(V+) +lV tc (V-) -lV 
Operating Temperature 
.. 
-4O"C to +1OO·C 
Storage Temperature 
-4O"C to +12S·C 
Output Short-Circuit 
to Ground 
.. 
lSs 
Junction Temperature 
.. +1500C 
Lead Temperature 
(soldering, 
10s). 
.. 
+300·C 


PACKAGE 


B-Pin Plastic DIP 


TEMP. RANGE 


-2S·C 
to +8SOC 


MODEL 


OPA671AP 


PACKAGE 
DRAWING 
NUMBERl') 


006 


PACKAGE 


B-Pin Plastic DIP 


BURR-BROWNe 
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Products 


BURR 
- BROWN® 


1E3E31 
OPA675 
OPA676 


ABRIDGED DATA SHEET 


For Complete Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document Number 10864 


Wideband 
Switched-Input 
OPERATIONAL 
AMPLIFIER 


• 
FAST SETTLING: 
9ns (1%) 


• 
WIDE BANDWIDTH: 
185MHz (Av = 10) 


• 
LOW OFFSET VOLTAGE: 
±250f..lV 


• 
TWO LOGIC SELECTABLE 
INPUTS 


• 
FAST INPUT SWITCHING: 
8ns (TTL) 


• 
16-PIN DIP PACKAGE 


The OPA675 
and OPA676 
are wideband 
monolithic 
operational 
amplifiers with two independent 
differen- 


tial inputs. Either input can be selected by an external 
logic signal. The OPA675 is compatible with ECL logic 
while the OPA676 is TIL compatible. Both amplifiers 
are externally compensated 
and feature very fast input 
selection speed: ECL =4ns, TIL =6ns. This amplifier 
features fully symmetrical 
differential inputs due to its 
'","":=b-I 


• 
PROGRAMMABLE-GAIN 
AMPLIFIER 


• 
FAST 2-INPUT 
MULTIPLEXER 


• 
SYNCHRONOUS 
DEMODULATOR 


• 
PULSE/RF 
AMPLIFIERS 


• 
VIDEO AMPLIFIERS 


• 
ACTIVE FILTERS 


"classical" 
operational 
amplifier 
circuit 
architecture. 


Unlike 
"current-feedback" 
amplifier 
designs, 
the 
OPA675/676 may be used in all op amp applications 
requiring high speed and precision. 


Low distortion 
and crosstalk 
make these amplifiers 
suitable for RF and video applications. 


The OPA675 and OPA676 are available in KG (O°C to 
+70°C) and SG (-55°C to +125°C) grades. All grades 
are packaged in a 16-pin DIP. 


BURR - BROWN. 
IElElI 


OPA6751676JG, 
SG 
OPA6751676KG 
~ 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
•••••• 


INPUT NOISEI') 
(0 


Voltage: 
fo = 10Hz 
Fls=On 
27 
nV!'IHz 
~ 
fo = 100Hz 
10 
nV!'IHz 


fo = 1kHz 
3.8 
nV!'IHz 
0 
fo = 10kHz 
2.6 
nV!'IHz 


fo = 100kHz 
2.4 
nV!'IHz 


f. = 10Hz to 10MHz 
7.9 
IlVrms 
Current: 
10= 10Hz to lMHz 
2.7 
pANHz 


OFFSETVOLTAGEI') 
Input Offset Voltage 
VelA= OVOC 
±500 
±2mV 
±250 
±1mV 
~V 
Average Drift 
TA=TM1NtoTMAJ( 
±3 
±10 
±1 
±5 
~vrc 
en 
Supply Aejection 
±VCC = 4.5V to 5.5V 
65 
86 
70 
dB 
a:: 


BIAS CURRENl1') 
W 
Input Bias Current 
Veu = OVOC 
23 
35 
30 
~ 
ii: 
OFFSET CURRENTI') 
::J 
Input Offset Current 
VelA= OVOC 
0.8 
5 
~ 
0.. 


INPUT IMPEDANCEI') 
:E 
Differential 
4kl12 
nllpF 
« 
Common·Mode 
105115 
nil 
pF 
...J 
INPUT VOLTAGE 
RANGEl') 
« 
Common-Mode 
Input Aange 
±1.25 
±2.5 
V 
Z 
Common-Mode 
Rejection 
V'N = ±0.5VOC, Vo = ±1.25V 
75 
100 
85 
dB 
0 
OPEN LOOP GAIN, DCII) 
fi 
Open-Loop 
Voltage Gain 
65 
70 
dB 


FREQUENCY 
RESPONSE 
Closed-Loop 
Bandwidth 
Gail1 = +2VN 
100 
MHz 
a:: 


Gain::z: +SVN 
145 
MHz 
W 


Gain"" +10VN 
185 
MHz 
0.. 


Gain"" +SOVN 
60 
MHz 
0 
Crosstalk 
Gain = +10VN, 
f = 100kHz 
-100 
dBCIZ) 


1= 1MHz 
-ll0 
dBC 
1= 10MHz 
-ll8 
dBC 


1= 100MHz 
-,35 
dBC 


Harmonic Distortion: 10MHz 
G = +10VN, 
AI.= son, Vo= 0.5Vp-p 
Second Harmonic 
-ll1 
dBC 
Third Harmonic 
-73 
dBC 


Full Power Response 
Vo = 2.5Vp-p, Gain = +10VN 
25 
44 
30 
MHz 


Slew Aate 
Gair = +10VN 
200 
350 
240 
V/~ 


Settling Time: 
1% 
9 
ns 
0.1% 
Gair = +10VN 
15 
ns 


0.01% 
0.62511 Output Step 
25 
ns 


INPUT SELECTION(3) 
Transition Time 
ECl: OPA675 
5 
ns 


50% In to 50% Out 
TTL: OPA676 
7.5 
ns 


DIGITAL INPUT 
TTL Logic Levels: 
V,I. 
Logic "LO" 
0 
+0.8 
V 


V'H 
Logic "H'" 
+2.0 
+5 
V 


III 
Logic "LO", V1L = OV 
-{l.05 
-{l.2 
mA 


I'H 
Logic "HI", V1H:: 
+2.7V 
1 
20 
~ 
ECL Logic Levels: 
V,I. 
Logic"LO" 
-1.81 
-1.475 
V 


V'H 
Logic "HI" 
-1.15 
-0.88 
V 
III 
Logic "LO", V'I. = -1.6V 
-50 
-100 
~ 
I'H 
Logic "HI", V'H = -1.0V 
-50 
-100 
~ 


RATED OUTPUT 
Voltage Output 
AL = 150n 
±2.1 
±2.6 
V 


A 
= son 
+1.25 
+1.8 
V 


-{l.95 
-1.1 
-1.0 
V 
Current Output 
±30 
mA 
Output Resistance 
1MHz, Ope '-Loop, 
Cc = 5pF 
5 
n 


Load Capacitance 
Stability 
Gain =+2VN 
50 
pF 
Short Circuit Current 
Continuous to Gnd 
+45 
mA 
-25 
mA 


BURR-BROWNe 
11:31:31 
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Products 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS (CONT) 


ELECTRICAL 


OPA6751676JG, 
SG 
OPA6751676KG 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
Rated Vonage 
±Vrx 
5 
VDC 
Derated Perlormance 
±Vrx 
4.5 
6.5 
VDC 
Current, Quiescent 
'0 = OmADC 
22 
30 
mA 


TEMPERATURE 
RANGE 
Specification 
Ambient TempJG, 
KG 
0 
+70 
·C 


SG 
-55 
+125 
·C 
Operating: 
Ambient TempJG, 
KG, SG 
-55 
+125 
·C 


8J• 
125 
·cm 


OPA6751676JG, 
SG 
OPA6751676KG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specification 
Ambient TempJG, 
KG 
0 
+70 
·C 


SG 
-55 
+125 
·C 


OFFSET VOLTAGE 
Average Drift 
T••.•••TMlNto 
TMAX 
±3 
±10 
±1 
±5 
"vrc 
Supply Rejection 
±Vrx = 4.5V to 5.5V 
60 
85 
65 
dB 


BIAS CURRENT 
Input Bias Current 
VCM = OVDC 
29 
50 
JlA 


OFFSET CURRENT 
Input Offset Current 
VCM = OVDC 
0.8 
10 
"A 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±2.0 
±2.3 
V 
Common-Mode 
Rejection 
V,N=±0.5VDC, 
Vo=±1.25V 
60 
80 
65 
dB 


OPEN LOOP GAIN, DC 
Open-Loop 
Vonage Gain 
60 
68 
63 
69 
dB 


DIGITAL 
INPUT 
TTL Logic Levels: 
V'L 
Logic "La" 
0 
+0.8 
" 
V 


V,H 
Logic "HI" 
+2.0 
+5 
V 


I'L 
Logic "La", V'L : OV 
-{).08 
-{).4 
mA 


I'H 
Logic "HI", V,H = +2.7V 
5 
50 
"A 
Eel Logic Levels: V1L 
Logic "LO- 
-1.81 
-1.475 
V 
V,H 
Logic "HI" 
-1.15 
-{).88 
V 


I'L 
Logic "La", V'L = -1.6V 
-50 
)lA 


I'H 
Logic "HI", V,H = -1.0V 
-50 
)lA 


RATED OUTPUT 
Vonage Output 
RL-1500 
±2.0 
±2.5 
V 


RL =500 
+1.25 
+1.6 
V 


-{).8 
-1.0 
-{).9 
V 


POWER SUPPLY 
Current, Quiescent 
10= OmADC 
25 
35 
mA 


• Same specifications 
as for JG. 


NOTES: (1) Specifications 
are for both inputs (A and B). (2) dBC = Level referred to carrier-input 
signal. 
(3) Switching time from application of digital logic signal to 


input signal selection. 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracios 
or omissions. 
BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR~BROWN does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 


BURR· BROWN. 


Burr-Brown Ie Data Book-Linear 
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OPA676 


+ln8 
+ln8 


-In 8 
-In A 
-In 8 


DNC 
Offset Trim 
DNC 


CHA(ECL) 
Offset Trim 
DNCI'} 


CHA(ECL) 
Compensation 
CHA (TIL) 
Capacitor 


Common 
NC 
Common 


-Vcc 
+Vcc 
-Vcc 


NC 
Output 
NC 


1 
+lnA 
16 
+In B 


2 
-In A 
15 
-In 8 


3 
Offset 
Trim 
14 
DNC 


4 
Offset Trim 
13 
CHA (ECL) 


5 
Compensation 
Capacitor 
12 
CHA (ECL) 


6 
NC 
11 
Common 


7 
+Vcc 
10 
-Vcc 


8 
Output 
9 
NC 


Supply..................... 
. 
. 
±7VDC 
Differential 
Input Voltage 
-rotal Vec 


Input Voltage Range (Analog and Digital) 
.. ±Vcc 


Storage Temperature 
Range 
-65°C 
to +150°C 
Lead Temperature 
(soldering, 
10s) 
+300·C 
Output Short Circuit to Ground (+25·C) 
Continuous to ground 
Junction Temperature 
+t75°C 


PACKAGEDI 


MODEL 
PACKAGE 
NUMBE 


OPA675176JG 
16·Pin Hermetic DIP 
109 
OPA675176SG 
t 6-Pin Hermetic DIP 
109 
OPA675176KG 
l6-Pin Hermetic DIP 
109 


~ 


~ 
NOTE: (1) For detailed drawing and dimension table, please see nnd of data 
sheet. 
or Appendix 
C of Burr-Brown Ie Data 
Book. 


BURR - BROWNe 
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Burr-Brown Ie Data Book-Linear 
Products 


1 
+lnA 
16 
+In B 
2 
-In A 
15 
-In B 


3 
Offset Trim 
14 
DNC 
4 
Offset Trim 
13 
DNC 


5 
Compensation 
Capacitor 
12 
CHA(TIL) 


6 
NC 
11 
Common 


7 
+Vcc 
10 
-Vcc 


8 
Output 
9 
NC 


OPA675 
L)Ll 


_________ 
~_P-'A676 Y 
J 


Basic Model 
Number 
- 
J 


Performance 
Grade Code 
J. K: O"C to +70·C 
S: --55·C to +125·C 
Package Code ------------------' 
G: 16-pin Ceramic DIP 


BURR - BROWN® 
IElElI 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document 
Number 11136 


Wideband 
Switched-Input 
OPERATIONAL 
AMPLIFIER 


• 
FAST SETTLING: 
11ns (1%) 


• 
WIDE BANDWIDTH: 
200MHz 


• 
TWO LOGIC SELECTABLE 
INPUTS 


• 
LOW OFFSET VOLTAGE: 
±380~V 


• 
FAST INPUT SWITCHING: 
4ns 


• 
ACCEPTS 
TTUECL 
SWITCHING 
SIGNALS 


• 
UNITY GAIN STABLE 


• 
16-PIN DIP AND SOIC PACKAGES 


The OPA678 is a wideband monolithic 
operational 
am- 
plifier with two 
independent 
differential 
inputs. Either 
input can be selected by an external TIL 
or ECL logic 
signal. 
The amplifier 
is externally 
compensated 
and 
features a very fast input selection speed, 4ns for either 
ECL or TTL. This amplifier features fully symmetrical 
differential 
inputs due to its "classical" 
operational 
am- 


NB 
Channel 
Select 
Input 
(TTl or ECl) 


• 
VIDEO AMPLIFICATION 
AND SWITCHING 


• 
FAST 2-INPUT 
MULTIPLEXER 


• 
PULSEIRF 
AMPLIFIERS 


• 
PROGRAMMABLE-GAIN 
AMPLIFIER 


• 
ACTIVE 
FILTERS 


• 
SYNCHRONOUS 
DEMODULATOR 


plifier circuit architecture. 
Unlike "current-feedback" 


amplifier designs, the OPA678 may be used in all op 
amp applications 
requiring high speed and precision. 


Low distortion 
and crosstalk make this amplifier suit- 
able for RF and video applications. 


The OPA678 is available in DIP, SOlC, and sidebraze 
packages. A ntilitary temperature range part is available 
in the sidebraze package. 


International 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, AZ 85734 
• 
Street Address: 
6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 
Tel: (520) 746-1111 
• 
Twx: 910.952·1111 
• 
Cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product Info: (BOO) 548-6132 


BURR~BROWN. 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


OPA678AG. 
AP, AU 
OPA678SG 


PARAMETER 
COI~DITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
co 
••••• 


INPUT NOISEl') 
CD 


Vo~age: 
10 = 100Hz 
As z 00 
55 
nVNHz 
~ 
10 = 1kHz 
21 
nVNHz 


10 z 10kHz 
7.8 
nVNHz 
0 
10 z 100kHz 
4.9 
nVNHz 


la = 10Hz to 10MHz 
18 
~Vrms 
Current: 
10 = 10Hz to 1MHz 
2.1 
pANHz 


OFFSET 
VOLTAGEl') 


Input Offset Voltage 
Ve" 
z OVDC 
±380 
±1.5mV 
±380 
±1mV 
~V 


Offset Voltage Drift 
TA 
'" TMIN to TMA)( 
±3 
±15 
±3 
±10 
~vrc 


Supply Aejection 
±VCC = 4.5V to 5.5V 
65 
71 
dB 
C/) 


BIAS CURRENTl') 
a: 


Input Bias Current 
Ve" = OVDC 
14 
50 
. 
~ 
W 


OFFSET CURRENTl') 
~ 
Input Offset Current 
Ve" = OVDC 
0.2 
2 
1.5 
~ 
::i 
INPUT IMPEDANCE!') 
D. 


Differential 
25k 112 
ollpF 
== 
Common·Mode 
10'115 
ollpF 
c:( 


INPUT VOLTAGE 
RANGE!') 
...J 
Common·Mode 
Input Range 
2.0 
±2.5 
V 
c:( 
Common-Mode 
Rejection 
V,N z ±0.5VDC, 
Vo = ±1.25V 
75 
85 
dB 
Z 
OPEN·LOOP 
GAIN, D(;(') 
0 
Open-Loop 
Vo~age Gain 
50 
60 
dB 
!;;c 
FREQUENCY 
RESPONSE 
Closed-Loop 
Bandwidth 
Gain = +IVN, 
Ce = 9pF 
140 
200 
MHz 
a: 
Gain = +2VN, 
Ce • 7pF 
100 
MHz 
W 
Gain = +SVN, 
Ce • 1pF 
70 
MHz 


Crosstalk 
Gain z +1VN, 
f z 100kHz 
-102 
dBC(2) 
D. 


1.1MHz 
~ 
dBC 
0 


1= 10MHz 
-l34 
dBC 
I z 100MHz 
-44 
dBC 


Harmonic 
Distortion: 5MHz 
G z +1VN, F\.= 1500, Vo= O.25V~ 
Second Harmonic 
-71 
dBC(3) 


Third Harmonic 
-82 
dBC 


Large 
Signal 
Response(4' 
Vo = 2.5Vp-p, Gain z +1VN 
32 
45 
MHz 


Slew Rate 
Gain"" 
+1VN 
250 
350 
V/~ 


Settling Time: 
1% 
Gain = -1VN, 
1Vour 
Step 
11 
ns 


0.1% 
22 
ns 


0.01% 
30 
ns 


Differential 
Gain (OV to 0.7V) 
4.5MHz, Gain z +2VN, Ce • 2.2pF 
0.02 
% 


Differential 
Phase (OV to 0.7V) 
4.5MHz, Gain = +2VN, Ce = 2.2pF 
0.02 
Degrees 


INPUT SELECTIONl') 
Transition 
Time 
ECL: Operation 
4 
8 
9 
ns 


50% In to 50% Out 
TIL: 
Operation 
4 
8 
9 
ns 


DIGITAL 
INPUT 
TIL 
Logic Levels: 
Vil 
Logic "LO" 
0 
+0.8 
V 


V,H 
Logic "HI" 
+2.0 
+5 
V 


III 
Logic "1.0", Vil = OV 
-0.05 
-0.2 
mA 


I'H 
Logic "HI", V,H Z +2.7V 
1 
20 
~ 
ECL Logic Levels: Vil 
Logic "LO" 
-1.81 
-1.475 
V 
V,H 
Logic ~HI" 
-1.15 
-0.88 
V 
III 
Logic "LO", Vil = -1.6V 
-50 
-100 
~ 
I'H 
Logic "HI', V,H Z -1.0V 
-50 
-100 
~ 


RATED OUTPUT 
Voltage Output 
A,. 
1500 
±2.5 
±3.75 
V 


RI. = 500 
±1.7 
±2.2 
V 


Current Output 
±30 
±44 
mA 
Output Resistance 
1MHz, Open Loop, Ce = 5pF 
5 
0 


Load Capacitance 
Stability 
R" = 1000, Gail = +1VN, Ce = 10pF 
17 
pF 
Short Circuit Current 
Contin JOUS to God 
+45 
±45 
mA 


BURR - BROWN. 
1E3E31 
Burr-Brown Ie Data Book-Linear 
Products 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 
(CONT) 


ELECTRICAL 


OPA678AG, 
AP, AU 
OPA678SG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
Rated Vonage 
±Vrx; 
5 
VDC 


Derated Performance 
±Vrx; 
4.5 
5.5 
VDC 


Current, Quiescent 
10= OmADC 
26 
30 
mA 


TEMPERATURE 
RANGE 
Specification 
Ambient Temp AG, AP, AU 
-40 
+85 
·C 


SG 
-55 
+125 
·C 


8JA 
AG, SG 
125 
·CIW 
AP 
90 
·CIW 
AU 
100 
·CIW 


OPA678AG, 
AP, AU 
OPA678SG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 
Specification 
Ambient TempAGIAP/AU 
-40 
+85 
·C 
SG 
-55 
+125 
·C 


OFFSET VOLTAGE 
Input Offset Vonage 
TA 
"" TM1N to TMA)( 
600 
±2.4mV 
±2mV 
~V 
Offset Voltage Drift 
TA "" TM1N to TMAX 
±3 
±15 
±10 
~vrc 
Supply Rejection 
±Vcc 
= 4.5V to 5.5V 
60 
70 
73 
dB 


BIAS CURRENT 
Input Bias Current 
VCM 
= OVDC 
15 
85 
~ 


OFFSET CURRENT 
Input Offset Current 
VCM 
z OVDC 
0.5 
5 
7 
~ 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±2.0 
±2.5 
V 
Common·Mode 
Rejection 
V,N = ±0.5VDC, 
Vo = ±1.25V 
60 
60 
dB 


OPEN-LOOP 
GAIN, DC 
Open-Loop 
Vonage Gain 
50 
60 
dB 


DIGITAL 
INPUT 
TIL 
Logic Levels: 
Vil 
Logic "Lo" 
0 
+0.8 
V 
V,H 
Logic "HI" 
+2.0 
+5 
V 
III 
Logic "Lo", 
Vil = OV 
-{l.08 
-{l.4 
mA 


I'H 
Logic "HI", V,H = +2.7V 
5 
50 
~ 
ECL Logic Levels: V'L 
Logic "Lo- 
-1.81 
-1.475 
V 
V,H 
Logic "HI" 
-1.15 
-{l.88 
V 


I'L 
Logic "Lo", V'L = -1.6V 
-50 
~ 
I'H 
Logic "HI', V'H = -1.0V 
-50 
~ 


RATED OUTPUT 
Vonage Output 
RL = 1500 
±2.5 
±3.75 
V 
RL = 500 
±1.5 
±2.0 
±1.5 
V 
Output Current 
44 
40 
mA 


POWER SUPPLY 
Current, Quiescent 
io·OmADC 
25 
35 
mA 


• Same specifications 
as for AGIAP/AU. 


NOTES: (1) Specifications 
are for both inputs (A and B). (2) dBC = Level referred to carrier-input signal. (3) Harmonic distortion will typically be improved significantly 
in the inverting mode. (4) Large Signal Response is calculated from the formula LSBW "" ~ 
. (5) Switching 
time from application 
of digrtal logic signal to 


input signal selection. 
21tV 
PEAK 


The information provided herein is believed to be reliable: however. BURR-BROWN 
assumes no responsibility for inaccuracias or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 1-=--=-1 


Supply........ 
. 
±7VDC 
Differential Input Vottage 
Total Vcc 


Input Vottage Range (Analog and Dignal) 
±Vcc 


Storage Temperature 
Range 
-65°C 
to +150°C 
Lead Temperature 
(soldering, 
1Os) 
.. 
+300'C 
Output Short Circuit to Ground (+2S'C) 
..... Continuous 10ground 
Junction Temperature 
+175°C 


PACKAGE 
DllAWING 
MODEL 
PACKAGE 
NUMBE'l<') 


OPA678AG 
16-Pin Hermetic 
DIP 
109 
OPA67BAP 
16-Pin Plastic DIP 
lBO 
OPA67BAU 
16-Pin SOIC 
211 
OPA67BSG 
16·Pin 
Hermetic 
DIP 
109 


8URR - BROWNe 
11:11:11 
Burr-Brown Ie Data Book-Linear 
Products 


__________ 
L.,--_P~A678Y 


Basic Model 
Number 
- 


Performance 
Grade 
Code 
A: --4O"C to +BS'C 
S: -SS'C to +12S'C 
Package Code 
G: 16-pin Ceramic 
DIP 
P: 16-pin Plastic DIP 
U: 16-pin SOIC 


BURR - BROWN® 
IElElI 
ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document 
Number 11059 


Precision, 
Single-Supply 
DUAL OPERATIONAL 
AMPLIFIER 


• 
SINGLE 
POWER SUPPLY 
OPERATION 


• 
INPUT VOLTAGE 
RANGE TO GROUND 


• 
OUTPUT 
SWINGS 
NEAR GROUND 


• 
LOW QUIESCENT 
CURRENT: 
550lJA max 


• 
LOW Vos: 300~V max 


• 
LOW DRIFT: 2.5~V/oC max 


• 
LOW los: 1.5nA 
max 


• 
LOW NOISE: O.55~Vp-p, 
O.1Hz to 10Hz 


The OPAI013 
dual operational 
amplifier 
provides 
precision performance 
in single power supply and low 
power applications. 
It is laser trimmed for low offset 


voltage 
and drift, 
greatly 
reducing 
the large errors 
common 
with 
LM324-type 
op amps. 
Input 
offset 
current 
is also trimmed 
to reduce errors in high im- 
pedance 
applications. 


APPLICATIONS 


• 
PRECISION 
INSTRUMENTATION 


• 
BATTERY-POWERED 
EQUIPMENT 


• 
BRIDGE 
AMPLIFIERS 


• 
4-20mA 
CURRENT 
TRANSMITTERS 


• 
VOLTAGE 
COMPARATOR 


The OPAI013 
is characterized 
for operation 
at both 


+SV (single supply) and ±ISV power supplies. When 
operated from a single supply, the input common-mode 
range includes 
ground 
and the output can swing to 


within ISmV of ground. Completely independent 
bias- 
ing networks 
eliminate 
interaction 
between 
the two 
amplifiers--even 
when one is used as a comparator. 


The OPAI013 
is available 
in an 8-pin plastic 
DIP 
specified for the O°C to +70°C temperature 
range. 


v- 
4 


International 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, 
AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 
Tel: (520) 746-1111 
• 
Twx: 910.952·1111 
• 
cable: 
BBRCORP 
• 
Telex: 1l6U491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Info: (800) 548-<i132 


BURR-BROWN~ 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


OPA1013CN8 


PARAMETER 
CONDITION 
MIN 
TYP 


Input Offset Voltage 
±50 
Time Stability 
0.5 
Input Offset Current 
±0.08 
Input Bias Current 
7 
Voltage Noise, BW = 0.1 to 10Hz 
0.55 
Noise Density, f = 10Hz 
28 
f = 1kHz 
25 
Current Noise Density, f = 10Hz 
0.12 
Input Resistance: 
Differential 
70 
300 
Input Resistance: 
Common-Mode 
4 
Open-Loop 
Voltage Gain 
Vo = ±10V, 
RL = 2kn 
1.2 
2.9 
Vo = ±10V, RL = 600n 
0.5 
1.9 
Common-Mode 
Input Range 
+13.5 
+13.8 
-15 
-15.3 
Common-Mode 
Rejection 
VCM = +13.5 to -15V 
97 
114 
Power Supply Rejection 
Vs = ±2to 
±18V 
100 
117 
Channel Separation 
Vo = ±10V, 
RL = 2kn 
120 
137 
Voltage Output 
RL = 2kn 
±12.5 
±14 
Slew Rate 
0.2 
0.35 
Quiescent 
Current (per amplifier) 
±0.35 


·Specification 
same as OPA1013CN8. 


OPA1013DN8 


MIN 
TYP 
MAX 


±200 
±800 


UNITS 


IlV 
IlV/Mo 
nA 
nA 
IlVp-p 
nVi-.fHz 
nVi-.fHz 
pAl-.fHz 
Mn 
Gn 
V/IlV 
V/IlV 


V 
V 
dB 
dB 
dB 


V 
V/IlS 
mA 


OPA1013CN8 
OPA1013DN8 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
±OO 
±450 
±250 
±950 
IlV 
Input Offset Current 
±3.0 
±2.0 
nA 
Input Bias Current 
10 
50 
nA 
Open-Loop 
Voltage Gain 
Vo=5mVt04V 
0.1 
V/IlV 
RL = 500n 
Common-Mode 
Input Range 
+3.5 
+3.8 
V 
0 
-{).3 
V 
Voltage Output Low 
No Load 
15 
25 
mV 
Low 
RL = 600n to Ground 
5 
10 
mV 
Low 
ISINK = 1mA 
200 
350 
mV 
High 
No Load 
4 
4.4 
V 
High 
RL = 6000 to Ground 
3.4 
4 
V 
Quiescent 
Current (per amplifier) 
0.33 
0.5 
mA 


·Specification 
same as OPA1D13CN8. 


TA = DOCto +7DoC, Vs = ±15V, VCM = DV unless otherwise 
noted. 


OPA1013CN8 
OPA1013DN8 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
±80 
±400 
±230 
±1000 
IlV 
Vs = +5/0V, Vo = +1.4V 
±110 
±570 
±280 
±1200 
IlV 
Input Offset Voltage Drift(1) 
0.4 
2.5 
0.7 
5 
IlVioC 
Input Offset Current 
±0.3 
±2.8 
nA 
Vs = +5/0V, Vo = +1.4V 
±0.5 
±6 
nA 
Input Bias Current 
9 
38 
nA 
Vs = +5/0V, Vo = +1.4V 
13 
90 
nA 
Open-Loop 
Voltage Gain 
Vo = ±10V, RL = 2kn 
0.7 
2.2 
V/IlV 
Common-Mode 
Rejection 
VCM = +13 to -15V 
94 
113 
dB 
Power Supply Rejection 
Vs = ±2to 
±18V 
97 
116 
dB 
Voltage Output 
RL = 2kn 
±12.0 
±13.9 
V 
Va Low 
Vs = +5/0V, RL = 600n 
6 
13 
mV 
Vo High 
Vs = +5/0V, RL = 600n 
3.2 
3.9 
V 
Quiescent 
Current (per amplifier) 
±0.37 
±0.6 
mA 
Vs = +5/0V, Vo = +l.4V 
0.34 
0.55 
mA 


BURR-BROWN~ 
11:11:11 
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Products 


PAD 
FUNCTION 


1 
Output A 
2 
-In 
A 


3 
+In A 
4 
V- 
5 
+In 8 
6 
-In 
B 
7 
Output B 
8 
V+ 


MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
112x 100±5 
2.84 x 2.54 ±O.' 3 
Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10 x 0.10 


Transistor 
Count 
92 
Backina 
Gold 


Power Supply Vo~age 
. 
±22V 


Differential 
Input Voltage 
±30V 


Input Voltage 
. 
V+ to (V-) -5V 
Output Short Circuit (T, = 25"C) 
. 
Continuous 


Operating Temperature: 
O"C to +70"C 


Storage Temperature... 
. 
~5 
to +150°C 


lead 
Temperature 
(soldering, 
10s) 
+3OO"C 


MODEL 


OPA1013CN8 
OPA1013DN8 


TEMPERATURE 
RANGE 


O"C to +70"C 
O"C to +70"C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER'" 


OPA1013CN8 
Plastic DIP 
006 
OPA1013DN8 
Plastic DIP 
006 


The information 
provided herein is believed to be reliable; however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. BURR·BROWN 
assumes 


no responsibility 
for the use of (his Information, and' all use of such information shall be entirely at the user's own risk. Prices and specifICations 
are subject 
to change 


without 
nottce. 
No patent 
rights or licenses 
to any of the circuits described 
herein 
are implied or granted 
to any third party. 
BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 


BURR-BROWN. 


Burr-Brown IeData Book-Linear 
Products 
'E!lE!I' 


BURR - BROWN® 
IElElI 


ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 
Request Document 
Number 10863 


Precision Dual Oifet ® 


OPERATIONAL 
AMPLIFIER 


FEATURES 


• 
VERY 
LOW NOISE: 
8nV/'I'HZ at 10kHz 


• 
LOW Vos: SOOIlV max 


• 
LOW DRIFT: 
SIlVrC 
max 


• 
LOW Ie: SpA max 


• 
FAST SETTLING 
TIME: 
2!1S to 0.01% 


• 
UNITY-GAIN 
STABLE 


The 
OPA2107 
dual 
operational 
amplifier 
provides 
precision 
Difet performance 
with the cost and space 
savings of a dual op amp. It is useful in a wide range 
of precision and low-noise analog circuitry and can be 
used to upgrade the performance 
of designs currently 
using BIFE~ 
type amplifiers. 


The 
OPA2107 
is 
fabricated 
on 
a proprietary 
dielectrically 
isolated (Difet) 
process. This holds in- 
put bias currents to very low levels without sacrificing 
other important 
parameters, 
such as input offset volt- 
age, drift and noise. 
Laser-trimmed 
input 
circuitry 
yields excellent 
DC performance. 
Superior 
dynamic 
performance 
is achieved, yet quiescent current is held 
to under 2.5mA per amplifier. The OPA2107 is unity- 
gain stable. 


The OPA2107 
is available 
in plastic DIP, ffit:tal TO- 
99, and sOle packages. 
Industrial 
and Military tem- 
perature range versions are available. 


• 
DATA ACQUISITION 


• 
DAC OUTPUT 
AMPLIFIER 


• 
OPTOELECTRONICS 


• 
HIGH-IMPEDANCE 
SENSOR 
AMPS 


• 
HIGH-PERFORMANCE 
AUDIO 
CIRCUITRY 


• 
MEDICAL 
EQUIPMENT, 
CT SCANNERS 


BURR-BROWNe 
'EaEa' 


For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


OPA2107AM,SM,AP,AU 
OPA2107BM 


PARAMETER 
CONDmON 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE!') 
Inpul Offset Voltage 
VCM= OV 
100 
lmV 
50 
500 
~V 


Over Specified Temperature 
0.5 
2 
0.2 
1 
mV 


SM Grade 
0.8 
2.5 
mV 


Average Drift Over Specified Temperature 
3 
10 
2 
5 
~V/·C 


Power Supply Rejection 
Vs:±10to±18V 
80 
96 
B4 
100 
dB 


INPUT BIAS CURRENTl') 
Input Bias Current 
VCM: OV 
4 
10 
2 
5 
pA 


Over Specified Temperature 
0.25 
1.5 
0.15 
1 
nA 


SM Grade 
4 
35 
nA 


Input Offset Current 
VCM= OV 
1 
8 
0.5 
3 
pA 


Over Specified Temperature 
1 
0.5 
nA 


SM Grade 
1 
28 
nA 


INPUT NOISE 
Vonage: f : 10Hz 
Rs:O 
30 
nVrIHz 


f = 100Hz 
12 
nVl.JHz 


f = 1kHz 
9 
nV/.JHz 


f • 10kHz 
8 
nV/.JHz 


BW= 0.110 10Hz 
1.2 
~Vp-p 


BW = 10 to 10kHz 
0.85 
J.Nrms 
Current: f = 0.1Hz Ihru 20kHz 
1.2 
0.9 
tAl.JHz 


BW: 
O.lHz to 10Hz 
23 
17 
fAp-p 


INPUT IMPEDANCE 
Differential 
1013112 
°llpF 
Common-Mode 
1014114 
°llpF 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±10.5 
±11 
V 


Over Specified Temperature 
±10.2 
±10.5 
V 


SM Grade 
±10 
±10.3 
V 
Common·Mode 
Rejection 
VcM=±10V 
80 
94 
B4 
100 
dB 


OPEN·LOOP 
GAIN 


Open-Loop 
Vonage Gain 
Vo:±10V,RL:2kn 
82 
96 
B4 
100 
dB 


Over Specified Temperature 
80 
94 
82 
96 
dB 


SM Grade 
80 
92 
dB 


DYNAMIC 
RESPONSE 


Slew Rate 
G - +1 
13 
18 
VI~s 
Settling Time: 0.1% 
G :-l,10V 
Step 
1.5 
~s 
0.01% 
2 
~ 


Gain-Bandwidth 
Product 
G= 100 
4.5 
MHz 
THO + Noise 
G_+l,f:lkHz 
0.001 
% 


Channel Separation 
t: 
100Hz, RL: 
2kn 
120 
. 
dB 


POWER SUPPLY 
Specified Operating Voltage 
±15 
V 


Operating Voltage Range 
±4.5 
±18 
V 
Current 
±4.5 
±5 
mA 


OUTPUT 
Vonage Output 
RL =2kn 
±11 
±12 
V 
Over Specified Temperature 
±10.5 
±11.5 
V 


SM Grade 
±10.2 
±11.3 
V 
Short Circuit Current 
±10 
±40 
mA 
Output Resistance, Open-Loop 
lMHz 
70 
° 
Capacitive 
Load Stability 
G = +1 
1000 
pF 


TEMPERATURE 
RANGE 
Specification 
AP, AU, AM, BM 
-25 
+85 
·C 


SM 
-55 
+125 
·C 


Operating 


AP, AU 
-25 
+85 
·C 


AM,BM,SM 
-55 
+125 
·C 


Storage 
AP, AU 
-40 
+125 
·C 


AM,BM,SM 
-65 
+150 
. 
·C 


Thermal Resistance (8J.A) 
AP 
90 
·CIW 


AU 
175 
·CIW 


AM,BM,SM 
200 
·CIW 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products IE:lE:lI 


Differential Input Voltage 
Total Vs±4V 
Operating Temperature 
M Package 
. 
-55·C 
10 +125·C 
P and U Packages .. 
. 
-25·C 
to + 85·C 
Storage Temperature 
M Package 
~5·C 
10 +150·C 
P and U Packages 
. 
-40·C 
to +125·C 
Output Short Circuit to Ground (TA:>:: 
+25°C) . 
... Continuous 
Junction Temperature 
+175°C 


Lead Temperature 
M and P Packages (soldering, 
10s) 
+300·C 
U Package, SOIC (3s) 
+260·C 


SPECIFICATI( 
MODELS 
PACKAGE 
TEMPERATURE 
R 


OPA2107AP 
Plastic DIP 
-25 to +85·C 


OPA2107AM 
Metal TO-99 
-25 to +85·C 
OPA2107BM 
Metal TO-99 
-25 
to +85°C 


OPA2107SM 
Metal TO-99 
-55 to +125"( 


OPA2107AU 
SO-8S0IC 
-25 to +85·C 


TOp View - M Package 


+Vs and Case 


OPA2107AP 
Plastic DIP 
006 
OPA2107AM 
Metal TO-99 
001 
OPA2107BM 
Metal TO-99 
001 
OPA2107SM 
Metal TO-99 
001 
OPA2107AU 
S0-8S0IC 
182 


PAD 
FUNCTION 


1 
Out A 


2 
-In A 
3 
+lnA 
4 
-Vs 


5 
+In B 


6 
-In B 


7 
OutB 


8 
+Vs 


MilS 
(0.001 ") 
MilliMETERS 


Die Size 
97 x 77 ±3 
2.46 x 1.96 ±0.13 
Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.10 


Transistor Count 
53 


Backing 
None 


The information provided horein is boliovod to bo roliable; howovor, BURA-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such nformation shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or Bystems. 


BURR-BROWNe 
1E3E31 Burr-Brown Ie Data Book-Linear 
Products 


-- 


BURR - BROWN® 
IElElI 


ABRIDGED DATA SHEET 


For Complete 
Data Sheet 
Call FaxLine 1-800-548-6133 
Request Document 
Number 10540 


Dual Low Noise Precision 
Difet® OPERATIONAL 
AMPLIFIER 


FEATURES 


• 
LOW NOISE: 100% Tested, 
8nVlftiZ 
max at 
10kHz 


• 
LOW BIAS CURRENT: 
4pA max 


• 
LOW OFFSET: 
500I!V max 


• 
LOW DRIFT: 2.8I!Vf'C 


• 
HIGH OPEN-LOOP 
GAIN: 114dB min 


• 
HIGH COMMON·MODE 
REJECTION: 
96dB min 


The 
OPA2111 
is 
a high 
precISIon 
monolithic 
dielectrically 
isolated PET (Difet) operational 
ampli- 
fier. Outstanding 
performance 
characteristics 
allow its 
use in the most critical instrumentation 
applications. 


Noise, 
bias current, 
voltage 
offset, drift, open-loop 
gain, common-mode 
rejection, 
and power supply re- 
jection 
are superior to BlPE~ 
amplifiers. 


Very low bias current is obtained by dielectric 
isola- 
tion with on-chip guarding. 


Laser trimming 
of thin-film resistors 
gives very low 
offset and drift. Extremely 
low noise is achieved with 
patented circuit design techniques. 
A cascode design 
allows high precision input specifications 
and reduced 
susceptibility 
to flicker noise. 


Standard 
dual op amp pin configuration 
allows up- 
grading 
of existing 
designs 
to higher 
performance 
levels. 


• 
PRECISION 
INSTRUMENTATION 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
PROFESSIONAL 
AUDIO 
EQUIPMENT 


• 
MEDICAL 
EQUIPMENT 


• 
DETECTOR 
ARRAYS 


International 
Airport 
Industrial 
Park 
• 
Mailing 
Address: 
PO Box 11400 
• 
Tucson, 
AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 
Tel: (520) 746-1111 
• 
Twx: 916-952·1111 
• 
Cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Inlo: (600) 548-6132 


BURR-BROWNe 
,ElEI' 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


OPA2"111AM 
OPA2111BM 
OPA2111SM 
OPA2111KM, 
KP 
,..,.. 
PARAMETER 
CONDmON 
MIN 
TVP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
,.. 


INPUT NOISE 
N 


Voltage, fo = 10Hz 
100% Tested 
40 
80 
30 
60 
40 
80 
40 
nV/-IHz 
~ 
fo = 100Hz 
100% Tested 
15 
40 
11 
30 
15 
40 
15 
nVi~Hz 
fo= 
1kHz 
100% Tested 
Il 
15 
7 
12 
8 
15 
8 
nVi-IHz 
0 
fo = 10kHz 
(1) 
Il 
8 
6 
8 
6 
8 
6 
nVi~Hz 
Is = 10Hz to 10kHz 
111 
07 
1.2 
0.6 
1 
0.7 
1.2 
0.7 
I1Vrms 
Is = 0.1Hz to 10Hz 
(1) 
16 
3.3 
1.2 
2.5 
1.6 
3.3 
1.6 
I1Vp-p 
Current, 
Is = 0.1 Hz to 10Hz 
111 
15 
24 
12 
19 
15 
24 
15 
~ 
fo = 0.1 Hz to 20kHz 
111 
08 
1.3 
0.6 
1 
0.8 
1 
0.8 
f 
Hz 


OFFSET 
VOL TAGE(2) 
en 
Input Offset Voltage 
VCM = OVDC 
±O.l 
±D.75 
±0.05 
±0.5 
±D.l 
±D.75 
±0.3 
±2 
mV 
Average 
Drift 
TA:: 
TM1N to TUAX 
±2 
±6 
±0.5 
±2.8 
±2 
±6 
±8 
±15 
I1VI'C 
a: 
Match 
±1 
±0.5 
2 
2 
I1VI'C 
W 
Supply Rejection 
90 
1"10 
96 
110 
90 
110 
86 
110 
dB 
u:: 
±3 
±31 
±3 
±16 
±3 
±31 
±3 
±50 
I1VN 
::::i 
Channel Separation 
100Hz, RL = 2kn 
1:16 
136 
136 
136 
dB 
D.. 


BIAS CURRENT(2) 


== 
Input Bias Current 
VCM = OVDC 
±2 
±8 
±1.2 
±4 
±2 
±8 
±3 
±15 
pA 
Match 
±1 
±0.5 
±1 
2 
pA 
<C 


OFFSET 
CURRENTt21 
..J 


Input Offset Current 
VCM = OVDC 
±1.2 
±6 
±0.6 
±3 
±1.2 
±6 
±3 
±12 
pA 
<C 


IMPEDANCE 
Z 


Differential 
0" 
111 
0" 
II 1 
10" 
111 
10" 
II 1 
nil 
pF 
0 


Common-Mode 
0" 
II 3 
0"11 
10"11 
10"11 
nil 
pF 
~ 
VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±10 
±'Il 
±10 
±11 
±10 
±11 
±10 
±11 
V 
a: 


Common~Mode 
Rejection 
V,N = ±10VDC 
90 
110 
96 
110 
90 
110 
82 
110 
dB 
W 
D.. 


OPEN·LOOP 
GAIN, DC 
0 
Open-Loop 
Voltage Gain 
RL 
~ 2kn 
110 
t;?5 
114 
125 
110 
125 
106 
125 
dB 
Match 
:1 
2 
3 
3 
dB 


FREQUENCY 
RESPONSE 
Unity Gain, Small Signal 
:~ 
2 
2 
2 
MHz 
Full Power Response 
2QVp-p, RL = 2kn 
16 
32 
16 
32 
16 
32 
32 
kHz 
Slew Rate 
Vo = ±10V, RL = 2kn 
1 
:~ 
1 
2 
1 
2 
2 
V/lLS 
Settling Time, 0.1% 
Gain = -1, RL = 2kn 
Il 
6 
6 
6 
I1S 
0.01% 
10V Step 
10 
10 
10 
10 
I1S 
Overload 
Recovery, 
50% Overdrive(3) 
Gain =-1 
!i 
5 
5 
5 
lLS 


RATED OUTPUT 
Voltage Oulput 
RL = 2kn 
±10 
±'Il 
±10 
±11 
±10 
±11 
±10 
±11 
V 
Current Output 
Vo = ±10VDC 
±5 
±10 
±5 
±10 
±5 
±10 
±5 
±10 
mA 
Output Resistance 
DC, Open-Loop 
lOO 
100 
100 
100 
n 
Load Capacitance 
Stability 
Gain = +1 
1000 
1000 
1000 
1000 
pF 
Short Circuit Current 
10 
40 
10 
40 
10 
40 
10 
40 
mA 


POWER SUPPLY 
Rated Voltage 
±15 
±15 
±15 
±15 
VDC 
Voltage Range, Derated 
Performance 
±5 
±18 
±5 
±18 
±5 
±18 
±5 
±18 
VDC 
Current, Quiescent 
10 = OmADC 
!) 
7 
5 
7 
5 
7 
5 
9 
mA 


TEMPERATURE 
RANGE 


Specification 
Ambient Temp. 
-25 
+85 
-25 
+85 
-55 
+125 
0 
+70 
·C 
Operating "M" Package 
Ambient Tamp. 
-55 
+125 
-55 
+125 
-55 
+125 
-55 
+125 
·C 
"Po Package 
-40 
+85 
·C 
Storage "M" Package 
Ambient Tamp. 
-55 
+150 
-55 
+150 
-55 
+150 
-55 
+150 
·C 
"Po Package 
-40 
+85 
·C 
8 Junction-Ambient 
2()0 
200 
200 
200141 
·CIW 


NOTES: (1) Sample tested-this 
parameter is guaranteed. 
(2) Offset 1/0ltage, offset current, and bias current are measured with the units fully warmed up. (3) Overload 
recovery is defined as the time required for the output to return frolT! saturation to linear operation following the removal of a 50% 
input overdrive. 
(4) Typical 
8J.A "" 
150·CIW 
for plastic DIP. 


BURR-BROWNe 
IE:II:511 
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For Immediate Assistance, Contact Your Local Salesperson 


ELECTRICAL 
(FULL TEMPERATURE 
RANGE SPECIFICATIONS) 


OPA2111AM 
OPA2111BM 
OPA2111SM 
OPA2111KM, 
KP 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specification 
Range 
Ambient Tamp. 
-25 
+85 
-25 
+85 
-55 
+125 
0 
+70 
·C 


INPUT OFFSET VOLTAGE'" 
Input Offset Voltage 
V",,:OVDC 
±O.22 
±1.2 
±0.08 
±0.75 
±0.3 
±1.5 
±0.9 
±5 
mV 
Average Drift 
±2 
±6 
±0.5 
±2.8 
±2 
±6 
±8 
±15 
~vrc 
Match 
, 
0.5 
2 
2 
~V/·C 


Supply Rejection 
86 
100 
90 
'00 
86 
100 
82 
'00 
dB 


±10 
±50 
±10 
±32 
±'O 
±50 
±10 
±80 
~VN 


BIAS CURRENT'" 
Input Bias Current 
V",,= 
OVDC 
±125 
±lnA 
±75 
±500 
±2nA 
±16.3nA 
±125 
±500 
pA 
Match 
60 
30 
lnA 
pA 


OFFSET CURRENT'" 
Input Offset Current 
V",,= 
OVDC 
±75 
±750 
±38 
±375 
±1.3nA 
±12nA 
±75 
±375 
pA 


VOLTAGE 
RANGE 


Common~Mode Input Range 
±10 
±'1 
±,O 
±11 
±10 
±11 
±10 
±11 
V 
Common-Mode 
Rejection 
V~=±10VDC 
86 
100 
90 
100 
86 
100 
80 
100 
dB 


OPEN-LOOP 
GAIN, DC 


Open-Loop 
Voltage Gain 
R, ~ 2kil 
'06 
120 
110 
120 
'06 
120 
100 
'20 
dB 
Match 
5 
3 
5 
5 
dB 


RATED OUTPUT 
Voltage Output 
R,: 
2kil 
±10.5 
±11 
±10.5 
±11 
±'0.5 
±'1 
±10.5 
±11 
V 


Current Output 
Vo= ±10VDC 
±5 
±'O 
±5 
±10 
±5 
±10 
±5 
±10 
mA 
Short Circuit Current 
Vo: 
OVDC 
10 
40 
10 
40 
10 
40 
10 
40 
mA 


POWER SUPPLY 


Current, Quiescent 
10= OmADC 
5 
8 
5 
8 
5 
8 
5 
'0 
mA 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracies or omissions. BURR·BROWN assumes no 


responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 


at the user's 
own 
risk. 
Prtces 
and specIfIcations 
are subject 
to change 
without 
notice. 
No 
patent rightsor licensesto any of the circuits described hereinare implied or granted to any 
third party. BURR-BROWN does not authorize or warrant any BURR-BROWN product for 
use in life support devices and/or systems. 


Supply 
±18VDC 


Internal Power Dissipation 
(TJ :s.+175°C) 
. 
. 
500mW 
Differential 
Input Voltage .. 
. 
Total Vce 


Input Vohage Range 
±Vce 


Storage Temperature 
Range: -M" Package 
-65°C 
to +150°C 


"Po Package 
--40·C to +85·C 


Operating Temperature 
Range: ~M" Package 
-55°C 
to +125°C 
"Po Package 
--40·C to +85·C 


Lead Temperature 
(soldering, 
105) 
+3000C 
Output Short Circuit to Ground (+25°C) 
.. Continuous 


Junction Temperature..... 
. 
+175°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER<" 


OPA2'llAM 
TO-99 
001 
OPA2'llBM 
TO-99 
001 
OPA2111KM 
TO-99 
001 
OPA211'SM 
TO-99 
00' 
OPA211'KP 
8-Pin Plastic DIP 
006 


OFFSET 


TEMPERATURE 
VOLTAGE, 


MODEL 
PACKAGE 
RANGE 
ma. 
(mY) 


OPA2111AM 
TO-99 
-25OC to +85·C 
±0.75 
OPA2'llBM 
TO-99 
-25·C 
to +85·C 
±0.5 
OPA211'KM 
TO-99 
O°C to +70°C 
±2 
OPA21"SM 
TO-99 
-55·C 
to +'25·C 
±0.75 
OPA2111KP 
8-Pin Plastic DIP 
O°C to +70°C 
±2 


BURR 
~ BROW"H_ 


Burr-Brown Ie Data Book-Linear 
Products 
11:11:11 


BURR - BROWN® 
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Dual FET-Ilnput, Low Distortion 
OPERATIONAL 
AMPLIFIER 


• 
LOW DISTORTION: 
0.0003% at 1kH,~ 


• 
LOW NOISE: 10nV/'i'HZ 


• 
HIGH SLEW RATE: 25V/IlS 


• 
WIDE GAIN-BANDWIDTH: 
20MHz 


• 
UNITY-GAIN 
STABLE 


• 
WIDE SUPPLY 
RANGE: V5 = ±4.5 to ±24V 


• 
DRIVES 600n LOADS 


The OPA2604 is a dual, FET-input operational 
ampli- 
fier designed for enhanced AC performance. 
Very low 
distortion, 
low noise 
and wide 
bandwidth 
provide 
superior performance 
in high quality audio lmd other 
applications requiring excellent dynamic performance. 


New circuit techniques 
and special laser trimming of 
dynamic circuit performance 
yield very low harmonic 
distortion. 
The result is an op amp with exceptional 
sound 
quality. 
The 
low-noise 
FET 
input 
of 
the 
OPA2604 provides wide dynamic range, even with high 
source impedance. 
Offset voltage is laser-trimmed 
to 
minimize the need for interstage coupling capacitors. 


The OPA2604 
is available 
in 8-pin plastic mini-DIP 
and 50-8 
surface-mount 
packages, 
specified 
for the 
-25°C 
to +85°C temperature 
range. 


• 
PROFESSIONAL 
AUDIO EQUIPMENT 


• 
PCM DAC IIV CONVERTER 


• 
SPECTRAL 
ANALYSIS 
EQUIPMENT 


• 
ACTIVE FILTERS 


• 
TRANSDUCER 
AMPLIFIER 


• 
DATA ACQUISITION 


BURR 
- BROWN~ 


IElElI 


For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


ELECTRICAL 


T. = +25°C, Vs = ±15V unless otherwise 
noted. 


OPA2604AP, 
AU 


PARAMETER 
CONDmON 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
±1 
±5 
mV 
Average Drift 
±8 
"vrc 


Power Supply Rejection 
Vs • ±5 to ±24V 
80 
100 
dB 


INPUT BIAS CURRENTt'1 
Input Bias Current 
VCM·OV 
100 
pA 
Input Offset Current 
VCM= OV 
±4 
pA 


NOISE 
Input Vo~age Noise 
nVl..[Hz 
Noise Density: 
f '" 1OHz 
25 


f.l00Hz 
~ 
15 
nVl.JHz 


f.lkHz 
11 
nV/.JHz 


f. 
10kHz 
I 
10 
nVl.JHz 


Vo~age Noise, BW = 20Hz to 20kHz 
1.5 
"Vp-p 
Input Bias Current Noise 
fAJ..[Hz 
Current Noise Density, I = 0.1 Hz to 20kHz 
6 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±12 
±13 
V 
Common·Mode 
Rejection 
VOM 
• ±12V 
80 
100 
dB 


INPUT IMPEDANCE 
" 


Differential 
1012118 
fill 
pF 


Common-Mode 
10121110 
fill 
pF 


OPEN-LOOP 
GAIN 
. 
_. 


Open-Loop 
Vo~age Gain 
Vo • ±10V, RL 
- 
lkfi 
80 
100 
dB 


FREQUENCY 
RESPONSE 


Gain-Bandwidth 
Product 
G -100 
20 
MHz 
Slew Rate 
20Vp-p, 
RL = 1kil 
15 
25 
V/J1S 


Settling Time; 0.01 % 
G = -I, 
10V Step 
1,5 
"S 
0,1% 
1 
"s 


Total Harmonic 
Distortion + Noise (THO+N) 
G.l,l.lkHz 
0,0003 
% 


Vo = 3,5Vrms, 
RL• 
lkil 
Channel Separation 
f. 
1kHz, RL 
- 
lkil 
142 
dB 


OUTPUT 
Vo~age Output 
RL 
- 600fi 
±11 
±12 
V 
Current Output 
Vo' 
±12V 
±35 
mA 
Short Circuit Current 
±40 
mA 
Output Resistance, 
Open-Loop 
25 
W 


POWER SUPPLY 
Specified Operating 
Voltage 
±15 
V 
Operating 
Voltage Range 
±4.5 
±24 
V 
Current, Total Both Amplifiers 
±10.5 
±12 
mA 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
°c 
Storage 
-40 
+125 
°c 
Thermal 
Resistance(21, 
9JA 
90 
°CIW 


Power Supply Voltage.. 
. ±25V 
Input Vo~age 
.. 
.. 
(V-)-IV 
to (V+)+ IV 
Output Short Circuit to Ground 
..... Continuous 
Operating Temperature 
-400C to +100°C 
Storage Temperature 
.. 
. 
-40°C to +125°C 
Junction Temperature 
+150°C 
Lead Temperature 
(soldering, 1Os) AP 
+300°C 
Lead Temperature 
(soldering, 3s) AU 
+260°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER<') 


OPA2604AP 
8-Pin Plastic DIP 
006 
OPA2604AU 
SO-8 Surtace-Mount 
182 


PACKAGE 


8-Pin Plastic DIP 


SO-8 Surtace-Mount 


TEMP. RANGE 


-25°C 
to +85°C 
-25°C 
to +85°C 


BURR· BROWNe 


Burr-Brown Ie Data Book-Linear 
Products IE!lE!lI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 
A ELECTROSTATIC 


OIPISOIC 
J.l/t;;,. DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci •• 
fications. 


0.1 


l 
0.01 
z 
+ 
0I0- 


0.001 


0 


-45 
"' 
~ 
"~ ~ 
5l' 
-90 
e. 
3: 
~ 
'0z 


(J) 
" 
-135 j 
~ 
15 
Q. 
> 


-180 


BURR - BROWN~ 
I E:lE:II 
Burr-Brown Ie Data Book-Linear 
Products 


~-~5~rms 
0.1 
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Frequency (Hz) 
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iD 
80 
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" 
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\. 


See -Distortion Measurements-1ft. 
for description 
of test method. 
7 
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Vs - ±24VDC 


Vs = ±15VDC 
I 


Vs = ±5VDC 
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SUPPLY CURRENT vs TEMPERATURE 
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APPLICATIONS INFORMATION 


The OPA2604 is unity-gain stable, making it easy to use in a 
wide range of circuitry. 
Applications 
with noisy or high 
impedance 
power supply lines may require decoupling 
ca- 
pacitors close to the device pins. In most cases IIJF' tantalum 
capacitors 
are adequate. 


DISTORTION 
MEASUREMENTS 


The distortion produced by the OPA2604 is below the mea- 
surement limit of virtually all commercially 
available equip- 
ment. A special test circuit, however, can be used to extend the 
measurement 
capabilities. 


Op amp distortion can be considered 
an internal en'or source 
which can be referred to the input. Figure I shows a circuit 
which causes the op amp distortion to be 101 times greater 
than normally produced by the op amp. The addition of R3 to 
the otherwise standard non-inverting 
amplifier configuration 
alters the feedback 
factor or noise gain of the circuit. The 
closed-loop 
gain is unchanged, but the feedback available for 
error correction is reduced by a factor of I01. This extends the 
measurement 
limit, including the effects of the signal-source 
purity, by a factor of 101. Note that the input signal and load 
applied to the op amp are the same as with conventional 
feedback without R3• 


Validity 
of this technique 
can be verified 
by duplicating 
measurements 
at high gain and/or high frequency 
where the 
distortion 
is within the measurement 
capability 
of the test 
equipment. Measurements 
for this data sheet were made with 
the Audio Precision 
System One which greatly simplifies 
such repetitive 
measurements. 
The measurement 
technique 
can, however, be performed with manual distortion measure- 
ment instruments. 


CAPACITIVE 
LOADS 


The dynamic 
characteristics 
of the OPA2604 
have been 
optimized for commonly encountered 
gains, loads and oper- 
ating conditions. 
The combination 
of low closed-loop 
gain 


and capacitive load will decrease the phase margin and may 
lead to gain peaking or oscillations. 
Load capacitance 
reacts 
with the op amp's 
open-loop 
output resistance 
to form an 
additional pole in the feedback loop. Figure 2 shows various 
circuits which preserve phase margin with capacitive 
load. 
Request Application 
Bulletin AB-028 for details of analysis 
techniques and applications 
circuits. 


For the unity-gain buffer, Figure 2a, stability is preserved by 
adding a phase-lead network, Rc and Ce, Voltage drop across 
Rc will reduce output voltage swing with heavy loads. An" 
alternate circuit, Figure 2b, does not limit the output with low __ 
load impedance. 
It provides a small amount of positive feed- 
back to reduce the net feedback factor. Input impedance of this 
circuit falls at high frequency as op amp gain rolloff reduces 
the bootstrap action on the compensation 
network. 


Figures 
2c and 
2d show 
compensation 
techniques 
for 
noninverting 
amplifiers. Like the follower circuits, the circuit 
in Figure 2d eliminates voltage drop due to load current, but 
at the penalty of somewhat reduced input impedance 
at high 
frequency. 


Figures 2e and 2f show input lead compensation 
networks for 
inverting and difference 
amplifier configurations. 


Op amp noise is described by two parameters-noise 
voltage 
and noise current. The voltage noise determines 
the noise 
performance 
with low source impedance. Low noise bipolar- 
input op amps such as the OPA2? and OPA3? provide very 
low voltage noise. But if source impedance 
is greater than a 
few thousand ohms, the current noise of bipolar-input op amps 
react with the source impedance and will dominate. At a few 
thousand ohms source impedance 
and above, the OP A2604 
will generally provide lower noise. 
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POWER DISSIPATION 


The OPA2604 is capable of driving 600Q loads with power 
supply voltages 
up to ±24V. 
Internal power dissi 
ation is 
increased when operating at high power supply voltage. The 
typical performance 
curve, Power Dissipation vs Power Sup- 
ply Voltage, 
shows quiescent 
dissipation 
(no signal or no 
load) as well as dissipation with a worst case continuous sine 
wave. Continuous high-level music signals typically produce 
dissipation 
significantly 
less than worst case sine waves. 


2.7k!l 
22kfl 


C, 
13000PF 


c, 


12000PF 


C, 


~OOOPF 


Copper 
lead frame construction 
used in the OPA2604 
im- 


proves 
heat dissipation 
compared 
to conventional 
plastic 
packages. To achieve best heat dissipation, 
solder the device 


directly to the circuit board and use wide circuit board traces. 


Output current 
is limited 
by internal 
circuitry 
to approxi- 
mately ±40mA 
at 25°C. The limit current 
decreases 
with 
increasing temperature 
as shown in the typical curves. 


C, 
IOOOPF 


Low-pass 
3-pole Butterworth 


f.••• 
: 40kHz 
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The 
Information 
provided 
herein 
is believed 
to be reliable; 
however, 
BUAR·8AOWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits des<:ribed herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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The following discussion is provided, recognizing that 
not all measured 
performance 
behavior 
explains 
or 
correlates 
with listening 
tests by audio experts. 
The 
design of the OPA2604 included consideration 
of both 


objective 
performance 
measurements, 
as well as an 


awareness 
of widely held theory on the success and 


failure of previous op amp designs. 


SOUND QUALITY 


The sound quality of an op amp is often the crucial 
selection criteria--even 
when a data sheet claims ex- 


ceptional distortion performance. 
By its nature, sound 
quality is subjective. 
Furthermore, 
results of listening 
tests can vary depending 
on application 
and circuit 
configuration. 
Even experienced listeners in controlled 
tests often reach different conclusions. 


Many audio experts believe that the sound quality of a 
high performance 
FET op amp is superior to that of 
bipolar 
op amps. A possible 
reason 
for this is that 
bipolar designs generate greater odd-order 
harmonics 
than FETs. To the human ear, odd-order 
harmonics 


have long been identified as sounding more unpleasant 
than even-order 
harmonics. 
FETs, like vacuum tubes, 


have a square-law I-V transfer function which is more 
linear than the exponential transfer function of a bipolar 
transistor. As a direct result of this square-law charac- 
teristic, FETs produce predominantly 
even-order 
har- 
monics. 
Figure 
10 shows the transfer 
function 
of a 


bipolar transistor 
and FET. Fourier transformation 
of 
both transfer 
functions 
reveals 
the lower odd-order 
harmonics of the FET amplifier stage. 
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FIGURE 
10. I-V and Spectral Response of NPN and 
JFET. 


THE OPA2604 
DESIGN 


The OPA2604 
uses FETs throughout 
the signal path, 


including 
the input stage, input-stage 
load, and the 


important 
phase-splitting 
section of the output stage. 


Bipolar transistors are used where their attributes, such 
as current 
capability 
are important 
and where 
their 
transfer characteristics 
have minimal impact. 


The topology consists of a single folded-cascode 
gain 
stage followed by a unity-gain output stage. Differential 
input transistors J I and J2 are speciallarge-geometry, 
P- 


channel JFETs. Input stage current is a relatively high 
800lJA, providing high transconductance 
and reducing 
voltage 
noise. Laser trimming 
of stage currents 
and 
careful attention to symmetry yields a nearly symmetri- 
cal slew rate of ±25V IllS. 


The JFET input stage holds input bias current to ap- 
proximately 
lOOpA, or roughly 3000 times lower than 
common bipolar-input 
audio op amps. This dramati- 
cally reduces noise with high-impedance 
circuitry. 


The drains of J1 and J2 are cascaded 
by Q1 and Q2' 


driving the input stage loads, FETs J3 and J4. Distortion 
reduction circuitry (patent pending) linearizes the open- 
loop response and increases voltage gain. The 20MHz 
bandwidth 
of the OPA2604 
further reduces distortion 
through the user-connected 
feedback loop. 


The output 
stage consists 
of a JFET 
phase-splitter 


loaded into high speed all-NPN output drivers. Output 
transistors 
are biased by a special circuit to prevent 


cutoff, even with full output swing into 600Q loads. 


The two channels 
of the OPA2604 
are completely 


independent, 
including 
all bias circuitry. 
This elimi- 


nates any possibility 
of crosstalk 
through shared cir- 
cuits--even 
when one channel is overdriven. 
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Dual Wideband, 
L10w Power Voltage Feedback 
OPERATIONAL 
AMPLIFIER 


• 
LOW POWER: 
50mW/Amp 


• 
UNITY GAIN STABLE 
BANDWIDTH: 


360MHz 


• 
FAST SETTLING 
TIME: 20n5 to 0.01% 


• 
LOW HARMONICS: 
-77dBc 
at 5MH;~ 


• 
DIFFERENTIAL 
GAIN/PHASE 
ERROR: 
0.01 %/0.025° 


• 
HIGH OUTPUT CURRENT: 
85mA 


The OPA2650 is a dual, low power, wideband voltage 
feedback operational amplifier. It features a high band- 
width of 360MHz as well as a 12-bit settling time of 
only 20ns. The low distortion allows its use in commu- 
nications applications, 
while the wide bandwidth 
and 
true differential 
input stage make it suitable for use in 
a variety of active filter applications. 
Its low distortion 
gives 
exceptional 
performance 
for telecommunica- 
tions, medical imaging and video applications. 


The OPA2650 
is internally 
compensated 
for unity- 
gain stability. This amplifier 
has a fully symmetrical 
differential 
input 
due to its "classical" 
operational 
amplifier circuit architecture. 
Its unusual combination 
of speed, accuracy and low power make it an outstand- 
ing choice for many portable, multi-channel 
and other 
high speed applications, 
where power is at a premium. 


The OPA2650 
is also available 
in single (OPA650) 
and quad (OPA4650) 
configurations. 


• 
HIGH RESOLUTION 
VIDEO 


• 
BASEBAND 
AMPLIFIER 


• 
CCD IMAGING 
AMPLIFIER 


• 
ULTRASOUND 
SIGNAL 
PROCESSING 


• 
ADCIDAC 
GAIN AMPLIFIER 


• 
ACTIVE 
FILTERS 


• 
HIGH SPEED INTEGRATORS 


• 
DIFFERENTIAL 
AMPLIFIER 
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SPECIFICATIONS 


OPA2650P. 
U 
OPA2650PB. 
UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 


Closed-Loop 
Bandwidth!') 
G. 
+1 
360 
-(1) 
MHz 
G = +2 
108 
MHz 
G = +5 
32 
. 
MHz 


G = +10 
16 
MHz 
Gain Bandwidth 
Product 
160 
MHz 
Slew Rate 
G = +1, 2V Step 
240 
V/IlS 
Over Specified Temperature 
220 
VlIlS 
Rise TIme 
0.2V Step 
1 
ns 


Fall TIme 
0.2V Step 
, 
1 
ns 


Settling Time 
0.01% 
G = +1, 2V Step 
20 
ns 


0.1% 
G. 
+1, 2V Step 
11 
ns 


1% 
G. 
+1, 2V Step 
6.7 
ns 


Spurious 
Free Dynamic 
Range 
G = +1, f = 5.0MHz, Vo = 2Vp-p 


RL = lOOn 
72 
dBc 


RL·402n 
77 
dBc 


Differential 
Gain 
G = +1, NTSC, Vo = 1.4Vp, RL = 150n 
0.01 
% 


Differential 
Phase 
G = +1, NTSC, Vo' 
1.4Vp, RL - 1500 
0.025 
Degrees 


Bandwidth 
for O.ldB Gain Flatness 
G. 
+2 
21 
MHz 


Crosstalk 
Input Reterred, 5MHz, Channel-to-Channel 
~ 
dB 


INPUT OFFSET VOLTAGE 
Input Offset Voltage 
±1 
±5 
±1 
±3 
mV 
Average 
Drift 
±3 
llVrC 
Power Supply Rejection (+Vs) 
Vs - ±4.5V to ±5.5V 
60 
76 
70 
dB 


(-Vsl 
47 
54 
50 
dB 


INPUT BIAS CURRENT 
Input Bias Current 
VCM = OV 
5 
20 
10 
llA 
Over Temperature 
30 
20 
llA 
Input Offset Current 
VCM = OV 
0.5 
1 
0.2 
0.5 
llA 
Over Tamparature 
3 
2 
llA 


INPUT NOISE 
Input Vo~age Noise 
Noise Density, f - 100Hz 
43 
nVlft:iZ 
f = 10kHz 
9.4 
nVlft:iZ 
f .1MHz 
8.4 
nVlft:iZ 
f. 
lMHz 
to l00MHz 
8.4 
nV-iHZ 


Integrated Noise, BW = 10Hz to 100MHz 
84 
llVP-P 
Input Bias Current Noise 
I 
pAlft:iZ 
Current Noise Density, f - 
O.1MHz 
to 100MHz 
1.2 
Noise Figure (NFl 
, 


Rs = 10ka 
4 
dB 


Rs·50n 
19.5 
dB 


INPUT VOLTAGE 
RANGE 


Common· Mode Input Range 
±2.8 
V 
Over Specified Temperature 
±2.2 
V 


Common·Mode 
Rejection 
VOM 
- 
±0.5V 
65 
90 
70 
dB 


INPUT IMPEDANCE 
Differential 
15111 
Kn II pF 
Common-Mode 
16111 
Mnll 
pF 


OPEN·LOOP 
GAIN 


Open-Loop 
Vo~age Gain 
Vo - ±2V, RL - 
lOOn 
45 
51 
47 
dB 
Over Specified Temperature 
Vo = ±2V, RL = lOOn 
43 
45 
dB 


OUTPUT 
Vo~age Output 
Over Specified Temperature 
No Load 
±2.2 
±3.0 
±2.4 
V 


RL = 250n 
±2.2 
±2.5 
±2.4 
V 


RL• 
loon 
±2.0 
±2.3 
±2.2 
V 


Current Output, Sourcing 
"'_...•• 
75 
110 
mA 
Over Specified Temperature 
65 
mA 
Current Output, Sinking 
65 
85 
mA 
Over Specified Temperature 
35 
mA 
Short Circuit Current 
150 
mA 
Output Resistance 
O.lMHz, 
G = +1 
0.08 
n 


POWER SUPPLY 
Specified 
Operating Voltage 
±5 
V 
Operating 
Voltage Range 
±4.5 
±5.5 
V 
Quiescent 
Current 
Both Amplifiers 
±11 
±15.5 
±13.5 
mA 
eNer Specified Temperature 
±17.5 
±16 
mA 


TEMPERATURE 
RANGE 


Specification: 
P, U, PB, UB 
-40 
+85 
·C 
Thermal 
Resistance, 
6JA 


P 
100 
·CIW 
U 
125 
OCIW 
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Supply 
. 
±5.5V 
Internal 
Power 
Dissipation 
See Thermal 
COn~;iderations 
Differential 
Input Vohage .. 
. 
t1.2V 
Input Vohage Range 
. 
tVs 
Storage Temperature 
Range: P, PB, U, UB 
-40"C 
10+125·C 
Lead Temperature 
(soldering, 
10s) .. 
. 
+3OO·C 
(soldering, 
SOIC 3s) 
+26O"C 
Junction Temperature 
(TJ) 
+175·C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


OPA2650U, 
UB 
50-8 
Surface Mount 
182 
OPA2650P, 
PB 
8-Pin Plastic DIP 
006 


MODEL 


OPA2650U, 
UB 


OPA2650P, 
PB 


TEMPERATURE 
RANGE 


-40·C 
to +85·C 


-40·C 
to +85·C 


A 
ELECTROSTATIC 
~DISCHARGE 
SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate 
ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 
fications. 
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INPUT BIAS CURRENT vs TEMPERATURE 
SUPPLY CURRENT vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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DISCUSSION OF 
PERFORMANCE 


The OPA26S0 is a dual low power, wideband volt1ge feed- 
back operational 
amplifier. Each channel is internally com- 
pensated 
to provide 
unity gain stability. 
The OPA26S0's 
voltage feedback 
architecture 
features true differential 
and 
fully symmetrical 
inputs. This minimiZes offset errors, mak- 
ing the OPA26S0 
well suited for implementing 
lilter and 
instrumentation 
designs. 
As a dual operational 
<UlIplifier, 


OPA26S0 
is an ideal choice for designs requiring multiple 
channels where reduction of board space, power dissipation 
and cost are critical. 
Its AC performance 
is optimized 
to 
provide a gain bandwidth product of 160MHz and a fast 0.1 % 
settling time of II ns, which is an important conside:ration in 
high 
speed 
data 
conversion 
applications. 
Along 
with 
its 
excellent settling characteristics, 
the low DC input offset of 
±lmV 
and drift of ±3l!VI"C support high acclffilcy require- 
ments. In applications requiring a higher slew rate and wider 
bandwidth, 
such as video and high bit rate digital communi- 
cations, consider the dual current feedback OPA2658. 


CIRCUIT 
LAYOUT 
AND BASIC OPERATION 


Achieving optimum performance 
with a high frequency am- 
plifier like the OPA26S0 requires careful attention 
1:0 layout 
parasitics and selection of external components. 
Recommen- 
dations for PC board layout and component selection include: 


a) Minimize 
parasitic 
capacitance 
to any ac ground for all 
of the signal YO pins. Parasitic 
capacitance 
on the output 
and inverting 
input pins can cause instability; 
on 
e non- 
inverting 
input it can react with the source impedance 
to 
cause unintentional 
bandlimiting. 
To reduce unwanted 
ca- 
pacitance, 
a window 
around the signal YO pins should be 
opened in all of the ground and power planes. Otherwise, 
ground and power planes should be unbroken elsewhere 
on 
the board. 


b) Minimize 
the distance 
« 
0.2S") from the two power pins 
to high frequency 
0.11JF decoupling 
capacitors. 
At the pins, 
the ground 
and power plane layout should not be in close 
proximity 
to the signal YO pins. Avoid narrow power and 
ground traces to minimize inductance 
between the pins and 
the decoupling capacitors. Larger (2.21JFto 6.8lJF) decoupling 
capacitors, 
effective 
at lower frequencies, 
should also be 
used. 
These 
may 
be placed 
somewhat 
farther 
from 
the 
device and may be shared among several devices in the same 
area of the PC board. 


c) Careful 
selection 
and 
placement 
of external 
compo- 
nents will preserve 
the high frequency 
performance 
of the 
OPA2650. 
Resistors 
should be a very low reactan.:e type. 
Surface mount resistors work best and allow a tightel overall 
layout. 
Metal 
film 
or carbon 
composition 
axially-leaded 
resistors can also provide good high frequency performance. 
Again, 
keep 
their 
leads as short 
as possible. 
Ne ver use 
wirewound 
type resistors in a high frequency 
application. 


Since the output pin and the inverting 
input pin are most 
sensitive to parasitic capacitance, 
always position the feed- 
back and series output resistor, if any, as close as possible to 
the package pins. Surface mount feedback resistors directly 
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adjacent to the output and inverting input pins work well for 
the dual pinout. Other network 
components, 
such as non- 
inverting 
input termination 
resistors, 
should also be placed 
close to the package. 


Even with a low parasitic capacitance 
shunting the resistor, 


excessively 
high resistor values can create significant 
time 
constants 
and degrade 
performance. 
Good 
metal 
film or 
surface mount resistors have approximately 
0.2pF in shunt 
with the resistor. 
For resistor values > I.SkQ, 
this adds a 
pole 
and/or 
zero below 
SooMHz 
that can 
affect 
circuit 
operation. 
Keep resistor values as low as possible consistent 
with output 
loading 
considerations. 
The 
402.Q feedback~ 
used for the Typical Performance 
Plots is a good starting'- 


point for design. Note that a 2Sn 
feedback 
resistor, rather 
than a direct short, is suggested 
for a unity gain follower. 
C/) 
This effectively 
reduces the Q of what would otherwise 
be a: 
a parasitic inductance 
(the feedback wire) into the parasitic 
W 
capacitance 
at the inverting 
input. 
u: 


d) Connections 
to other 
wideband 
devices 
on the board 
:J 
may be made with short direct traces or through on-board 
0. 


transmission 
lines. For short connections, 
consider the trace 
:E 
and the input to the next device as a lumped capacitive 
load. « 
Relatively 
wide traces 
(SO to 100 mils) should 
be used, 
...J 
preferably 
with ground and power planes opened up around « 
them. Estimate 
the total capacitive 
load and set RISO from 
Z 
the plot of recommended 
R1SO vs capacitive 
load. 
Low 0 
parasitic loads may not need an R1so since the OPA26S0 is 
t= 
nominally compensated 
to operate with a 2pF parasitic load. 
<c 


If a long trace is required and the 6dB signal loss intrinsic to a: 
doubly terminated 
transmission 
lines is acceptable, 
imple- 
W 
ment a matched impedance transmission line using microstrip 
00. 


or stripline techniques (consult an ECL design handbook for 
microstrip and stripline layout techniques). 
A son 
environ- 
ment is not necessary on board, and in fact a higher imped- 
ance environment 
will improve 
distortion 
as shown in the 
distortion 
vs load plot. With 
a characteristic 
impedance 
defined 
based on board material 
and desired 
trace dimen- 
sions, 
a matching 
series 
resistor 
into the trace from the 
output of the amplifier is used as well as a terminating 
shunt 
resistor 
at the input of the destination 
device. 
Remember 
also that the terminating 
impedance 
will be the parallel 
combination 
of the shunt resistor and the input impedance of 
the destination 
device; the total effective impedance 
should 
match the trace impedance. 
Multiple destination 
devices are 
best handled as separate transmission 
lines, each with their 
own series and shunt terminations. 


If the 6dB attenuation 
loss of a doubly terminated 
line is 
unacceptable, 
a long trace can be series-terminated 
at the 
source end only. This will help isolate the line capacitance 
from the 01' amp output, but will not preserve signal integrity 
as well as a doubly terminated 
line. If the shunt impedance 
at the destination 
end is finite, there will be some signal 
attenuation 
due to the voltage divider formed by the series 
and shunt impedances. 


e) Socketing 
a high speed 
part 
like the OPA2650 
is not 
recommended. 
The additional 
lead length and pin-to-pin 
capacitance 
introduced 
by the socket creates an extremely 
troublesome 
parasitic 
network 
which can make it almost 
impossible to achieve a smooth, stable response. Best results 


_ 
••••••• 
••••• 
- 
.•- 
----J 
------ 


mount pins (e.g., McKenzie 
Technology 
#7IOC) can give 
good results. 


The OPA2650 is nominally specified for operation using ±5V 
power supplies. A 10% tolerance on the supplies, or an ECL 
-5.2V for the negative supply, is within the maximum speci- 
fied total supply voltage of 11V. Higher supply voltages can 
break down internal junctions possibly leading to catastrophic 
failure. Single supply operation is possible as long as com- 
mon mode voltage constraints 
are observed. 
The common 
mode input and output voltage specifications 
can be inter- 
preted as a required headroom to the supply voltage. Observ- 
ing this input and output headroom 
requirement 
will allow 
non-standard 
or single supply operation. Figure I shows one 
approach to single-supply 
operation. 


OFFSET VOLTAGE 
ADJUSTMENT 


If additional 
offset 
adjustment 
is needed, 
the circuit 
in 
Figure 
2 can be used without 
degrading 
offset drift with 
temperature. 
Avoid external adjustment 
whenever 
possible 
since extraneous 
noise, such as power supply noise, can be 
inadvertently 
coupled 
into the amplifier's 
inverting 
input 
terminal. 
Remember 
that additional 
offset 
errors 
can be 
created 
by the amplifier's 
input bias currents. 
Whenever 
possible, 
match 
the impedance 
seen by both inputs 
as is 
shown with R3. This will reduce input bias current errors to 
the amplifier's 
offset current. 


-vccIO.1~F 
R, 
('IR 


3 
= R, II R, 
NOTE: (1) R3 is 
optional and can 
be used to cancel 
"'----....---- 


offset errors due 
V1N or Ground 
to input bias currents. 
Output Trim Range 
== +Vcc -.£!L 
to 
-Vcc ~ 
RTrim 
RTrim 


r,,,v aamage 
haS been well recogruzed 
for MOSFET 
de- 
vices, but any semiconductor 
device 
is vulnerable 
to this 


potentially 
damaging 
source. 
This is particularly 
true for 
very high speed, fine geometry processes. 


ESD damage 
can cause subtle changes 
in amplifier 
input 
characteristics 
without necessarily 
destroying 
the device. In 
precision operational 
amplifiers, this may cause a noticeable 
degradation 
of offset 
voltage 
and drift. 
Therefore, 
ESD 
handling precautions 
are strongly recommended 
when han- 
dling the OPA2650. 


OUTPUT 
DRIVE CAPABILITY 


The OPA2650 
has been optimized 
to drive 750. and 1000. 
resistive 
loads. 
The device 
can drive 
2Vp-p 
into a 750. 
load. This high-output 
drive capability makes the OPA2650 
an ideal 
choice 
for a wide range 
of RF, IF, and video 


applications. 
In many cases, 
additional 
buffer 
amplifiers 


are unneeded. 


Many demanding 
high-speed 
applications 
such as driving 


NO 
converters 
require op amps with low wideband 
output 
impedance. 
For example, low output impedance 
is essential 
when driving the signal-dependent 
capacitances 
at the inputs 


of flash NO converters. As shown in Figure 3, the OPA2650 
maintains 
very low-closed 
loop output impedance 
over fre- 
quency. 
Closed-loop 
output impedance 
increases 
with fre- 
quency since loop gain is decreasing 
with frequency. 
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THERMAL 
CONSIDERATIONS 


The 
OP A2650 
will 
not require 
heatsinking 
under 
most 
operating 
conditions. 
Maximum 
desired junction 
tempera- 
ture will limit the maximum allowed internal power dissipa- 
tion as described 
below. In no case should the maximum 
junction 
temperature 
be allowed to exceed +175°C. 


Operating 
junction 
temperature 
(Tl) 
is given 
by TA + 
POOlA-The total internal power dissipation 
(Po) is a com- 
bination 
of the total quiescent 
power for all channels 
(PDQ) 


and the sum of the powers dissipated 
in each of the output 
stages 
(POL) to deliver 
load power. 
Quiescent 
power 
is 


simply the specified 
no-load supply current times the total 
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resistive 
load, be at a maximum 
when the output 
IS a tixed 
DC voltage equal to 1/2 of either supply voltage (assuming 
equal bipolar 
supplies). 
Under this condition, 
Pm. = V S2/ 
(4·RL) where RL includes 
feedback 
network loading. Note 
that it is the power dissipated 
in the output stage and not in 
the load that determines 
internal 
power dissipation. 
As an 
example, 
compute 
the maximum 
TJ for an OPA2650U 
at 
Av = +2, RL = lOOn, RFB = 402n, 
±Vs = ±5V, with both 
outputs at IVs/21, and the specified 
maximum 
TA =, +85°C. 


PD = IOV·17.5mA 
+ 2·(52)/(4·(100nI1804n» 
= 316mW. 
Maximum 
TJ = +85°C + 0.316W·125°CIW 
= 124°C. 


DRIVING 
CAPACITIVE 
LOADS 


The OPA2650's 
output stage has been optimized to drive low 
resistive loads. Capacitive loads, however, will decrease the 
amplifier's 
phase margin which may cause high frequency 
peaking or oscillations. 
Capacitive 
loads greater than IOpF 
should be isolated by connecting 
a small resistance, usually 
15n to 30n, in series with the output as shown in Figure 4. 
This is particularly 
important when driving high capacitance 
loads such as flash AID converters. Increasing the gain from 
+ I will improve the capacitive 
load drive due to increased 
phase margin. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot 
for RG-58) 
will not load the amplifier 
when the coaxial cable or transmission 
line is terminated 
in 
its characteristic 
impedance. 


FREQUENCY 
RESPONSE 
COMPENSATION 


Each channel of the OPA2650 
is internally compensated 
to 
be stable at unity gain with a nominal 
60° phase margin. 


This lends 
itself 
well to wideband 
integrator 
and buffer 
applications. 
Phase margin and frequency 
response flatness 
will improve at higher gains. Recall that an inverting gain of 
-I is equivalent to a gain of +2 for bandwidth purposes, i.e., 
noise gain = 2. The external compensation 
techniques devel- 
oped for voltage feedback 
op amps can be applied to this 
device. 
For example. 
in the non-inverting 
configuration. 


inverting configuration, 
the bandwidth may be limited with- 
out modifying 
the inverting 
gain by placing 
a series RC 
network to ground on the inverting node. This has the effect 
of increasing 
the noise gain at high frequencies, 
thereby 
limiting the bandwidth for the inverting input signal through 
the gain-bandwidth 
product. 


At higher gains, the gain-bandwidth 
of this voltage feedback 
topology 
will limit bandwidth 
according 
to the open-loop 
frequency response curve. For applications 
requiring a wider 
bandwidth 
at higher gains, consider 
the dual current feed-~ 
back model, OPA2658. 
In applications 
where a large feed-"- 
back resistor is required (such as photodiode trans impedance 
circuits), 
precautions 
must be taken to avoid gain peaking 
due to the pole formed 
by the feedback 
resistor 
and the 
summing junction 
capacitance. 
This pole can be compen- 
sated by connecting 
a small capacitor 
in parallel 
with the 
feedback 
resistor, creating a cancelling 
zero term. In other 
high-gain 
applications, 
use of a three-resistor 
"T" connec- 
tion will reduce 
the feedback 
network 
impedance 
which 
reacts with the parasitic capacitance 
at the summing 
node. 


PULSE SETTLING 
TIME 


High 
speed 
amplifiers 
like the OPA2650 
are capable 
of 
extremely 
fast settling time with a pulse input. Excellent 
frequency response flatness and phase linearity are required 
to get the best settling times. As shown in the specifications 
table, settling time for a ±I V step at a gain of + 1 for the 
OP A2650 is extremely 
fast. The specification 
is defined as 
the time required, after the input transition, for the output to 
settle within a specified error band around its final value. For 
a 2V step, 
1% settling 
corresponds 
to an error band of 
±20mV, 0.1 % to an error band of ±2mV, and 0.01 % to an 
error band of ±O.2mV. For the best settling times, particu- 
larly into an ADC capacitive load, little or no peaking in the 
frequency response can be allowed. Using the recommended 
RISO for capacitive 
loads will limit this peaking and reduce 
the settling times. Fast, extremely fine scale settling (0.01%) 
requires 
close 
attenlion 
10 ground 
return 
currents 
in the 
supply decoupling capacitors. For highest performance, 
con- 
sider the OP A642 which isolates the output stage decoupling 
from the rest of the amplifier. 


DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain 
(DG) 
and Differential 
Phase 
(DP) 
are 
among the more important 
specifications 
for video applica- 
tions. The percentage 
change 
in closed-loop 
gain over a 
specified 
change in output voltage level is defined as DG. 
DP is defined as the change in degrees of the closed-loop 
phase over the same output voltage change. DG and DP are 
both specified at the NTSC sub-carrier frequency of 3.58MHz. 
DG and DP increase 
closed-loop 
gain and output 
voltage 
transition. 
All 
measurements 
were 
performed 
using 
a 
Tektronix 
model 
VM700 
Video 
Measurement 
Set. 


The information prOVided herein is believed 10 be reliable; however, 
BURR-BROWN 
assumes 
no responsibility for inaccuracies 
or omissions. BURR-BROWN 
assumes 
no responsibility for the use 


of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change without notice. No patent rights or licenses to any of the 


circuits described 
herein are implied or granted to any third party. BURR-BROVIN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 


BURR - BROWN<3 
11:11:11 
Burr-Brown Ie Data Book-Linear 
Products 


DISTORTION 


The OPA2650's 
harmonic 
distortion 
characteristics 
into a 


lOOn load are shown versus frequency and power output in 
the typical performance 
curves. 
Distortion 
can be signifi- 


cantly improved 
by increasing 
the load resistance 
as illus- 


trated in Figure 5. Remember 
to include the contribution 
of 
the feedback resistance 
when calculating 
the effective load 
resistance 
seen by the amplifier. 
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CROSSTALK 


Crosstalk is the undesired result of the signal of one channel 
mixing with and reproducing itself in the output of the other 
channel. Crosstalk is inclined to occur in most multichannel 
integrated circuits. In dual devices, the effect of crosstalk is 
measured by driving one channel and observing the output of 
the undriven channel over various frequencies. The magnitude 
of this effect is referenced 
in terms of channel-to-channel 
crosstalk and expressed in decibels. "Input referred" points to 
the fact that there is a direct correlation 
between gain and 


crosstalk, therefore at increased gain, crosstalk also increases 
by a factor equal to that of the gain. Figure 6 illustrates the 
measured effect of crosstalk in the OPA2650U. 
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NOISE FIGURE 


The OP A2650 voltage 
spectral 
density is specified 
in the 


Typical Performance 
Curves. For RF applications, 
however, 


Noise Figure (NF) is often the preferred noise specification 
since it allows system noise performance 
to be more easily 


calculated. 
The OPA2650's 
Noise Figure Vs Source Resis- 
tance is shown in Figure 7. 
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Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 


This is particularly 
true for Video and RF amplifier circuits 


where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. 
SPICE models and evaluation 
PC boards (DEM-OPA265xP) 
are available for the OPA2650. 


Contact the Burr-Brown 
Applications 
Department 
to receive 
a SPICE diskette. 
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FIGURE 
10. Evaluation Board Silkscreen (Solder Side). lOb. Evaluation 
Board Silkscreen (Component 
Side). lOcoEvaluation 
Board Layout (Solder Side). IOd. Evaluation 
Board (Component 
Side). 
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Dual Wideband, Low Power, Current Feedback 
OPERATIONAL AMPLIFIER 


• 
UNITY GAIN STABLE 
BANDWIDTH: 
750MHz 


• 
LOW POWER: 50mW/Channei 


• 
LOW DIFFERENTIAL 
GAIN/PHASE 
ERRORS: 
0.010/010.03° 


• 
HIGH SLEW RATE: 1700Vl~ 


• 
PACKAGE: 
8-Pin DIP and 8-Pin SO-8 


• 
MEDICAL 
IMAGING 


• 
HIGH-RESOLUTION 
VIDEO 


• 
HIGH-SPEED 
SIGNAL 
PROCESSING 


• 
COMMUNICATIONS 


• 
PULSE AMPLIFIERS 


• 
ADC/DAC 
GAIN AMPLIFIER 


• 
MONITOR 
PREAMPLIFIER 


• 
CCD IMAGING 
AMPLIFIER 


The OPA2658 
is a dual, ultra-wideband, 
low power 
current feedback video operational 
amplifier featuring 
high slew rate and low differential 
gain/phase 
error. 


The current feedback design allows for superior large 
signal bandwidth, 
even at high gains. The low differ- 
ential 
gain/phase 
errors, 
wide 
bandwidth 
and 
low 


quiescent current make the OPA2658 
a perfect choice 
for numerous 
video, 
imaging 
and communications 


applications. 


The OPA2658 
is optimized 
for low gain operation, 


and is also available 
in single, 
OPA658 
and quad, 


OPA4658 
configurations. 
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SPECIFICATIONS 


OPA2658P, 
U 
OPA2658PB, 
UB 


PARAMETER 
CONDmON 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 


Closed-Loop 
Bandwidth!» 
G: 
+1 
800 
·(1) 
MHz 
G: 
+2 
500 
MHz 


G = +5 
210 
MHz 
G = +10 
130 
MHz 
Slew Aatel') 
G = +2, 2V Step 
1700 
1000 
VI~s 
At Minimum Specified Temperature 
1500 
900 
VI~ 


Settling Time: 0.01 % 
G = +2, 2V Step 
:: 
15 
ns 
0.1% 
G : +2, 2V Step 
12.6 
ns 


1% 
G = +2, 2V Step 
i 
4.8 


"" 
I 
ns 
Spurious 
Free Dynamic 
Range 
f: 
5MHz, G - +2, Vo = 2Vp-p 
68 
dBc 


f : 20MHz, G = +2, Vo: 
2Vp-p 
55 
"( 


dBc 
Third-Order 
Intercept Point 
f : 
10MHz, 4dBm, each tone 
39 
dBm 


Differential 
Gain 
G: 
+2, NTSC, Vo = I.4VJ>-p, Al 
- 150n 
0.01 
% 


Differential 
Phase 
G : +2, NTSC, Vo - 1.4VJ>-p, Al 
: 150n 
0.03 
degrees 
Crosstalk 
Input Aeferred, 
5MHz, channel-to-ehannel 
78 
dB 


OFFSET 
VOLTAGE 


Input Offset Voltage 
±3 
±5.5 
±4.5 
mV 
Over Temperature 
±5 
±8 
±7 
mV 


Power Supply Rejection 
Vs = ±4.5 to ±5.5V 
55 
64 
58 
dB 


INPUT BIAS CURRENT 
Non-Inverting 
VCM: 
OV 
±4.0 
±30 
±18 
~ 


Over Temperature 
±10 
±80 
±35 
~ 


Inverting 
VCM: 
OV 
±2.9 
±35 
~ 
Over Temperature 
±30 
±75 
~ 


NOISE 
Input Vo~age Noise Density 


nVl.JHz 
f = 100Hz 
11 


f= 
10kHz 
2.7 
. 
nVl.JHz 
f = 50kHz 
2.7 
nV/.JHz 


fa = 100Hz to 200MHz 
38 
~Vrms 
Input Bias Current Noise Density 
pAl.JHz 
Inverting: f =10MHz 
12.6 
Non-Inverti(l: 
f :10MHz 
12.6 
pAl.JHz 


Noise Figure 
NF) 
, 
As - 50n 
10 
dBm 
As = lOOn 
8 
dBm 


INPUT VOLTAGE 
RANGE 


Common·mode 
Input Range 
±2.9 
V 
Over Temperature 
±2.5 
. 
V 
Common-mode 
Rejection 
VCM 
- 
±1V 
45 
50 
dB 


INPUT IMPEDANCE 
Non-Inverting 
500 111 
kn II pF 
Inverting 
50 
n 


OPEN-LOOP 
TRANSIMPEDANCE 


Open-loop 
Transimpedance 
Vo : ±2V, Al - lOon 
150 
180 
200 
kn 
Over Temperature 
Vo = ±2V, Al = loon 
100 
150 
kn 


OUTPUT 
Voltage Output 
No Load 
±2.7 
±3.0 
V 


Over Temperature 
±2.5 
±2.8 
V 
Voltage Output 
Al·250n 
±2.7 
±2.9 
V 
Over Temperature 
±2.5 
±2.8 
V 
Vo~age Oulput 
Al 
- lOon 
±2.2 
±2.6 
V 
Over Temperature 
±2.0 
±2.4 
V 
Output Current, Sourcing 
80 
120 
mA 
Over Temperature 
70 
mA 
Output Current. Sinking 
60 
80 
mA 
Over Temperature 
35 
mA 
Short Circuit Current 
150 
mA 
Output Resistance 
0.1MHz, G = +2 
0.02 
n 


POWER SUPPLY 
Specified Operating 
Voltage 
±5 
V 
Operating 
Voltage Aange 
±4.5 
±5.5 
. 
V 
Quiescent 
Current 
Both Channels, 
Vs = ±5V 
±10 
±15.5 
±6.5 
±11.5 
mA 


Over Temperature 
±11 
±17 
±13 
mA 


TEMPERATURE 
RANGE 


Specification: 
P, U, PB, UB 
-40 
+85 
'C 
Thermal 
Resistance, 8». 


P 
8-Pin DIP 
100 
'CIW 


U 
SO-8 
125 
'CIW 


NOTES: 
(1) An asterisk n specifies the same value as the grade to the left. (2) Frequency 
response can be strongly 
influenced 
by PC board parasities. 
The 


demonstration 
board, DEM-OPA65X 
shows a low parasitic layout for this part. Refer to the demonstration 
board layout for details. (3) Slew rate is rate of change 


from 10% to 90% of output voltage step. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are sUbject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Supply 
±5.5V 
Internal 
Power 
Dissipation 
See Thermal 
Considerations 
Differential 
Input Voltage 
. 
±1.2V 
Input Vohage Range 
. 
±Vs 


Storage Temperature 
Range: P, PB, U, UB 
-40oe 
to +125°e 
lead 
Temperature 
(soldering, 
1Os) 
. 
+300oe 


(soldering, 
sOle 
3s) 
+260oe 
Junction Temperature 
(TJ) 
. 
+175°e 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


OPA2658P, 
PB 
8-Pin Plastic DIP 
006 


OPA2658U, 
UB 
8-Pin Plastic 50-8 
182 


MODEL 


OP A2658P, PB 
OPA2658U, 
UB 


A 
ELECTROSTATIC 


~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure_ Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 
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PSRR AND GMR YS TEMPERATURE 
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TYPICAL PERFORMANCE CURVES {CO NT) 


60 


0 
40 
- 
co 


-45 j 


:!;!. 
20 
" 
-.• 
a. 
Cl 


-90 
0. 
0. 
0 
8 
8 
-c 
...J 


, 
-135 
8- !-20 
0 


-180 
-40 


-225 
-60 


1G 
1k 
lOOk 
1M 
10M 


Frequency (Hz) 


10M 
100M 


Frequency (Hz) 


10M 
100M 


Frequency (Hz) 


CLOSED-LOOP 
BANDWIDTH 


20 
26 


17 
23 
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20 
co 
co 


:!;!. 


11 
:!;!. 


17 
" 
" 
-.• 
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Cl 
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14 
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Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 


55 


iil 
50 
:9- 
c.2 
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~'" 
a: 
" 
40 
"8 
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0 
E 
E0 
30 
u 
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I 
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I 


\ 
25 


--4 
~ 
-2 
-1 
0 
1 
2 


Common-Mode 
Voltage (V) 


40 


35 


1l~ 30 
;; 
.~ 
a: 
25 
c 
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~ 


15 
40m 
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10 
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TYPICAL PERFORMANCE CURVES (CONT) 
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THEORY 
OF OPERATION 


Conventional 
op amps depend 
on feedback 
to drive their 
inputs to the same potential, 
however the current feedback 
op amp's 
inverting 
and non-inverting 
inputs are connected 
by a unity gain buffer, thus enabling 
the inverting 
input to 
automatically 
assume the same potential 
as the non-invert- 
ing input. This results in very low impedance at the inverting 
input to sense the feedback 
as an error current signal. 


DISCUSSION 
OF PERFORMANCE 


The 
OPA2658 
is a dual, 
low-power, 
unity 
gain 
stable, 


current 
feedback 
operational 
amplifier 
which operates 
on 
±5V power supply. The current feedback architecture 
offers 
the following 
important 
advantages 
over voltage feedback 


architectures: 
(I) the high slew rate allows the large signal 


performance 
to approach the small signal performance, 
and 


(2) there is very little bandwidth 
degradation 
at higher gain 


settings. 


The current feedback architecture 
of the OPA2658 provides 


the traditional 
strength 
of excellent 
large signal response 
plus wide bandwidth, 
making it a good choice for use in high 
resolution 
video, medical 
imaging 
and DAC IJV Conver- 
sion. The low power 
requirements 
make 
it an excellent 
choice for numerous 
portable applications. 


The circuit 
in Figure 
I shows 
the equivalent 
circuit 
for 


calculating 
the DC gain. When operating 
the device in the 
inverting 
mode, the input signal error current (IE>is ampli- 
fied by the open loop transimpedance 
gain (To). The output 


signal generated 
is equal to To 
X IE' Negative 
feedback 
is 


applied through RFB such that the device operates at a gain 
equal to -RFBIRFF. 


non-inverting 
(high 
impedance 
buffer) 
input. 
The 
output 
(buffer) error current (IE>is generated at the low impedance 
inverting input. The signal generated at the output is fed back 
to the inverting input such that the overall gain is (I + RFBIRFF). 
Where a voltage-feedback amplifier has two symmetrical high 
impedance 
inputs, a current feedback 
amplifier 
has a low 
inverting (buffer output) impedance and a high non-inverting 
(buffer input) impedance. 


The closed-loop 
gain for the OPA2658 
can be calculated 
using the following 
equations: 
-(~:) 
Inverting Gain = 
1 
1+---- 
Loop Gain 
[I+~:] 


Non-Inverting 
Gain = 
1 
1+---- 
Loop Gain 


Wh~WoPG •• orRm+R~0+ie)j 


At higher gains the small value inverting 
input impedance 
causes an apparent loss in bandwidth. 
This can be seen from 


the equation: 
[f 
BW]X(1.25) 


(Av=+2) 
(3) 


f AC1UAL BW ~ [1+( 
:~ 
)X(I 
+ ~:)] 


This 
loss 
in bandwidth 
at high 
gains 
can 
be corrected 
without 
affecting 
stability 
by lowering 
the value 
of the 
feedback resistor from the specified 
value of 402ft 


The output offset is the algebraic 
sum of the input offset 


voltage and bias current errors. The output offset for non- 
inverting operation 
is calculated 
by the following 
equation: 


Output Offset Voltage = ±IbN X RN(1+ 
~:)± 
(4) 


V10(I+ 
~: 
)±IbI 
x RFB 


If all terms are divided by the gain (1 + RFBIRFF) 
it can be 
observed that input referred offsets improve as gain increases. 
The effective noise at the output can be determined by taking 
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Note that both the noise figure (NF) and the equivalent input 
offset voltages improve as the closed loop gain increases (by 
keeping RFB fixed and reducing RFF with RN = On). 


INCREASING 
BANDWIDTH 
AT HIGH GAINS 


The closed-loop 
bandwidth can be extended at high gains by 


reducing the value of the feedback resistor RFB. This band- 
width reduction is caused by the feedback current being split 
between Rs and RFF (refer to Figure I). As the gain increases 
(for a fixed RFB), more feedback current is shunted through 
RFF, which reduces closed-loop 
bandwidth. 


CIRCUIT 
LAYOUT 
AND BASIC OPERATION 


Achieving optimum performance 
with a high frequency am- 
plifier like the OPA2658 requires careful attention to layout 
parasitics and selection of external components. 
Recommen- 
dations for PC board layout and component selection include: 


a) Minimize 
parasitic 
capacitance 
to any ac ground for all 
of the signal I/O pins. Parasitic 
capacitance 
on the output 


and inverting 
input pins can cause instability; 
on the non- 
inverting 
input it can react with the source impedance 
to 
cause unintentional 
bandlimiting. 
To reduce unwanted 
ca- 


pacitance, 
a window 
around the signal I/O pins should be 
opened in all of the ground and power planes. Otherwise, 
ground and power planes should be unbroken elsewhere 
on 
the board. 


b) Minimize 
the distance 
« 
0.25") from the two power pins 


to high frequency 
O.l~ 
decoupling 
capacitors. 
At the pins, 


the ground and power plane layout should not be in close 
proximity 
to the signal I/O pins. Avoid narrow power and 
ground traces to minimize inductance 
between the pins and 
the decoupling capacitors. Larger (2.2~ 
to 6.8~ 
decoupling 


capacitors, 
effective 
at lower frequencies, 
should 
also be 


used. 
These 
may 
be placed 
somewhat 
farther 
from 
the 
device and may be shared among several devices in the same 
area of the PC board. 


c) Careful 
selection 
and 
placement 
of external 
compo- 
nents will preserve 
the high frequency 
performance 
of the 
OPA2658. 
Resistors 
should be a very low reactance 
type. 


Surface mount resistors work best and allow a tighter overall 
layout. 
Metal 
film 
or carbon 
composition 
axially-leaded 
resistors can also provide good high frequency performance. 
Again, 
keep 
their 
leads 
as short 
as possible. 
Never 
use 
wirewound 
type resistors in a high frequency 
application. 


Since the output pin and the inverting 
input pin are most 


sensitive to parasitic capacitance, 
always position the feed- 
back and series output resistor, if any, as close as possible to 
the package pins. Other network components, 
such as non- 
inverting 
input termination 
resistors, 
should also be placed 


close to the package. 


The feedback 
resistor value acts as the frequency 
response 


compensation 
element for a current feedback type amplifier. 
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will over compensate 
the amplifier, rolling off the frequency 


response, 
while decreasing 
it will decrease 
phase margin, 


peaking up the frequency 
response. 
Note that a non-invert- 
ing, unity gain buffer application 
still requires 
a feedback 
resistor for stability (560n 
for SO-8 and 402n 
for PDIP). 


d) Connections 
to other 
wide band 
devices 
on the board 
may be made with short direct traces or through on-board 
transmission 
lines. For short connections, 
consider the trace 
and the input to the next device as a lumped capacitive 
load." 
Relatively 
wide traces 
(50 to 100 mils) should 
be used," 
preferably 
with ground and power planes opened up around 
them. Estimate 
the total capacitive 
load and set R1SO from 


the plot of recommended 
R1SO 
vs capacitive 
load. 
Low 


parasitic loads may not need an R1SO since the OPA2658 
is 


nominally compensated 
to operate with a 2pF parasitic load. 


If a long trace is required and the 6dB signal loss intrinsic to 
doubly terminated 
transmission 
lines is acceptable, 
imple- 


ment a matched impedance transmission line using microstrip 
or stripline techniques (consult an ECL design handbook for 
microstrip and stripline layout techniques). 
A 50n environ- 
ment is not necessary 
on board, and in fact a higher imped- 
ance environment 
will improve 
distortion 
as shown in the 


distortion 
vs load plot. 
With 
a characteristic 
impedance 


defined 
based on board material 
and desired trace dimen- 


sions, 
a matching 
series 
resistor 
into the trace from the 
output of the amplifier is used as well as a terminating 
shunt 


resistor 
at the input of the destination 
device. 
Remember 


also that the terminating 
impedance 
will be the parallel 


combination 
of the shunt resistor and the input impedance of 


the destination 
device; the total effective impedance 
should 
match the trace impedance. 
Multiple destination 
devices are 


best handled as separate transmission 
lines, each with their 
own series and shunt terminations. 


If the 6dB attenuation 
loss of a doubly terminated 
line is 


unacceptable, 
a long trace can be series-terminated 
at the 
source end only. This will help isolate the line capacitance 
from the op amp output, but will not preserve signal integrity 
as well as a doubly terminated 
line. If the shunt impedance 


at the destination 
end is finite, there will be some signal 


attenuation 
due to the voltage divider formed by the series 


and shunt impedances. 


e) Socketing 
a high speed 
part 
like the OPA2658 
is not 
recommended. 
The additional 
lead length and pin-to-pin 
capacitance 
introduced 
by the socket creates an extremely 


troublesome 
parasitic 
network 
which 
can make it almost 


impossible to achieve a smooth, stable response. Best results 
are obtained by soldering the part onto the board. If socket- 
ing for the DIP package 
is desired, 
high frequency 
flush 
mount pins (e.g., McKenzie 
Technology 
#710C) 
can give 


good results. 


The OPA2658 
is nominally 
specified 
for operation 
using 


±5V power supplies. A 10% tolerance on the supplies, or an 
ECL 
-5.2V 
for 
the 
negative 
supply, 
is 
within 
the 


maximumspecified 
total supply voltage of II V. Higher sup- 
ply voltages 
can break 
down 
internal 
junctions 
possibly 
leading 
to catastrophic 
failure. 
Single supply operation 
is 
possible 
as long as common 
mode voltage constraints 
are 
observed. The common mode input and output voltage speci- 
fications 
can be interpreted 
as a required 
headroom 
to the 
supply voltage. Observing 
this input and output headroom 
requirement 
will allow non-standard 
or single supply opera- 
tion. Figure 3 shows one approach to single-supply operation. 


ESD PROTECTION 


ESD static damage has been well recognized 
for MOSFET 
devices, but any semiconductor 
device deserves protection 
from this potentially 
damaging 
source. This is particularly 
true for very high speed, fine geometry 
processes. 


ESD static damage 
can cause subtle changes 
in amplifier 
input characteristics 
without necessarily 
destroying 
the de- 
vice. In precision 
operational 
amplifiers, 
this may cause a 
noticeable degradation of offset voltage and drift. Therefore, 
static protection 
is strongly 
recommended 
when handling 
the OPA2658. 


OUTPUT 
DRIVE CAPABILITY 


The OPA2658 
has been optimized 
to drive 750. and 1000. 
resistive loads. The device can drive 2Vp-p into a 750. load. 
This high-output 
drive capability 
makes the OPA2658 
an 
ideal choice for a wide range of RF, IF, and video applica- 
tions. In many cases, additional 
buffer amplifiers 
are un- 
needed. 


Many 
demanding 
high-speed 
applications 
such 
as 
ADCIDAC 
buffers 
require 
op amps with low wideband 
output impedance. 
For example, 
low output impedance 
is 
essential when driving the signal-dependent 
capacitances 
at 
the inputs 
of flash AID converters. 
As shown in Figure 4, 


the OPA2658 maintains very low closed-loop 
output imped- 
ance 
over 
frequency. 
Closed-loop 
output 
impedance 
in- 
creases 
with frequency 
since loop gain is decreasing 
with 


frequency. 
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THERMAL 
CONSIDERATIONS 


The 
OPA2658 
will 
not require 
heatsinking 
under 
most 
operating 
conditions. 
Maximum 
desired junction 
tempera- 
ture will set a maximum 
allowed internal power dissipation 
as described below. In no case should the maximum junction 
temperature 
be allowed to exceed 
175°C. 


Operating 
junction 
temperature 
(TJ) 
is given 
by TA 
+ 


PDOJA- The total internal 
power dissipation 
(PD) is a com- 
bination of the total quiescent 
power for all channels 
(PDQ) 
and the sum of the powers dissipated 
in each of the output 
stages 
(PDL) to deliver 
load power. 
Quiescent 
power 
is 
simply the specified 
no-load supply current times the total 
supply 
voltage 
across 
the part. 
PDL will depend 
on the 
required 
output signal and load but would, for a grounded 
resistive 
load, be at a maximum 
when the output is a fixed 
DC voltage equal to 1/2 of either supply voltage (assuming 
equal bipolar 
supplies). 
Under this condition, 
PDL = VS2/ 
(4oRL) where RL includes 
feedback 
network 
loading. 
Note 
that it is the power dissipated 
in the output stage and not in 


the load that determines 
internal power dissipation. 


Note that it is the power in the output stage and not into the 
load that determines 
internal power dissipation. 


As an example, compute the maximum TJ for an OPA2658U 
at Av = +2, RL = 1000., RFB = 4020., ±Vs = ±5V, with both 
outputs at IVs/21, and the specified maximum T A = +85°C. 
PD = 10V 0 17mA + 2 0 (52)/(4 
0 (lOOn 118040.)] = 311mW. 
Maximum 
TJ = +85°C + 0.311W 
0 125°C/W = 124°C. 


DRIVING 
CAPACITIVE 
LOADS 


The OPA2658's 
output stage has been optimized 
to drive 
low resistive loads. Capacitive loads, however, will decrease 
the amplifier's 
phase 
margin 
which 
may cause high fre- 


quency peaking or oscillations. 
Capacitive loads greater than 
5pF 
should be buffered 
by connecting 
a small resistance, 


usually 
100. to 350., in series with the output as shown in 
Figure 5. This is particularly 
important 
when driving high 
capacitance 
loads such as flash AID converters. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
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cable 
(29pF/foot 
for RG-58) 
will not load the amplifier 
when the coaxial 
cable or transmission 
line is terminated 
with its characteristic 
impedance. 


COMPENSATION 


The OPA2658 
is internally 
compensated 
and is stable in 
unity gain with a phase margin of approximately 
62°, and 
approximately 
64° in a gain of +2VN 
when used with the 
recommended 
feedback 
resistor value. Frequency 
response 
for other gains are shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA2658 
in a good 
layout is very flat with frequency. 


The OPA2658's 
Harmonic 
Distortion 
characteristics 
into a 
lOOn load are shown versus frequency 
and power output in 
the Typical Performance 
Curves. Distortion 
can be further 
improved 
by increasing 
the load resistance 
as illustrated 
in 
Figure 
6. Remember 
to include 
the contribution 
of the 
feedback 
resistance 
when calculating 
the effective 
load re- 
sistance seen by the amplifier. 
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Narrowband 
communication 
channel requirements 
will ben- 
efit 
from 
the 
OPA2658's 
wide 
bandwidth 
and 
low 
intermodulation 
distortion on low quiescent power. If output 
signal power at two closely spaced frequencies 
is required. 
third-order 
nonlinearities 
in any amplifier will cause spuri- 
ous 
power 
at 
frequencies 
very 
near 
the 
two 
funda- 
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mental 
frequencies. 
If the two test frequencies, 
fl and f2, 
are 
specified 
in terms 
of average 
and 
delta 
frequency, 
fo = (fl + f2)12 and M = I f2 - 
fl I, the two, third-order, 
close-in 
spurious tones will appear at fo ±3 • 6.f. The two 
tone, third-order 
spurious plot shown in Figure 7 indicates 
how far below these two equal power, closely spaced, tones 
the intermodulation 
spurious will be. The single tone power 
is at a matched son 
load. The unique design of the OPA2658 
provides much greater spurious free range than what a two- 
tone third-order intermodulation 
intercept specification would 
predict. 
This can be seen in Figure 7 as the spurious 
free 
range actually increases 
at the higher output power levels. 
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CROSS TALK 


Crosstalk is the undesired result of the signal of one channel 
mixing with and reproducing 
itself in the output of the other 
channel. Crosstalk is inclined to occur in most multichannel 
integrated circuits. In dual devices, the effect of crosstalk is 
measured by driving one channel and observing the output of 
the undriven channel over various frequencies. The magnitude 
of this effect is referenced 
in terms of channel- 
to-channel 
isolation and expressed in decibels. "Input referred" points to 
the fact that there is a direct correlation 
between 
gain and 
crosstalk, therefore at increased gain, crosstalk also increases 
by a factor equal to that of the gain. Figure 8 illustrates the 
measured effect of crosstalk in the OPA2658U. 
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DIFFERENTIAL 
GAIN AND PHASE 


Differential Gain (dG) and Differential Phase (dP) are among 
the more important specifications 
for video applications. 
dG 
is defined as the percent change in closed-loop 
gain over a 
specified change in output voltage level. dP is defined as the 
change in degrees of the closed-loop 
phase over the same 
output voltage change. Both dG and dP are specified at the 
NTSC sub-carrier 
frequency of 3.58MHz and the PAL sub- 


carrier 
of 4.43MHz. 
All NTSC 
measurements 
were per- 
formed using a Tektronix 
model VM700A Video Measure- 
mentSet. 


dG/dP of the OPA2658 were measured with the amplifier in 
a gain of +2VN 
with 750 
input impedance 
and the output 
back-tenninated 
in 750. 
The input signal selected from the 
generator was a OVto 1.4V modulated ramp with sync pulse. 
With these conditions 
the test circuit 
shown 
in Figure 
9 
delivered a lOOIRE modulated ramp to the 750 input of the 
videoanalyzer. 
The signal averaging 
feature of the analyzer 
was used to establish 
a reference 
against which the perfor- 
mance of the amplifier was measured. Signal averaging was 
also used to measure the dg and dp of the test signal in order 
to eliminate the generator's 
contribution 
to measured ampli- 
fier performance. 
Typical performance 
of the OPA2658 
is 
0.025% differential 
gain and 0.020 differential 
phase to both 
NTSC and PAL standards. 
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NOISE FIGURE 


The OPA2658's 
voltage and current noise spectral densities 
are specified 
in the Typical 
Performance 
Curves. 
For RF 
applications, 
however, 
Noise Figure (NF) is often the pre- 
ferred noise specification 
since it allows system noise per- 
formance 
to be more 
easily 
calculated. 
The OPA2658's 
Noise Figure vs Source Resistance 
is shown in Figure 
10. 


SPICE 
MODELS 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits 
and systems. 
This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. 
SPICE models using MicroSim 
Corporation's 
PSpice are available for the OPA2658. 
Con- 
tract Burr-Brown applications departments to receive a SPICE 
Diskette. 
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Wide-Bandwidth, Dual Power 
OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 


• 
370MHz 
BANDWIDTH 


• 
58mAlns 
SLEW 
RATE 


• 
HIGH OUTPUT 
CURRENT: 
±75mA 


• 
400Mbitls 
DATA 
RATE 


• 
VOLTAGE-CONTROLLED 
CURRENT 
SOURCE 


• 
ENABLE/DISABLE 
FUNCTION 


• 
HEAD 
DRIVE AMPLIFIER 
FOR ANALOGI 


DIGITAL 
VIDEO TAPES 
AND DATA 
RE- 
CORDERS 


• 
LED AND LASER 
DIODE 
DRIVER 


• 
HIGH CURRENT 
VIDEO 
BUFFER 
OR LINE 
DRIVER 


• 
RF OUTPUT 
STAGE 
DRIVER 


• 
HIGH DENSITY 
DISK DRIVES 


The OPA2662 
is a versatile 
driver device 
for ultra 


wide-bandwidth 
systems, 
including 
high-resolution 
video, RF and IF circuitry, communications 
and test 
equipment. 
The OPA2662 
includes 
two power volt- 
age-controlled 
current 
sources, 
or 
operational 
transconductance 
amplifiers (OTAs), in a 16-pin Dn.. 


or SOL package 
and is specified 
for the extended 
industrial 
temperature 
range (-40°C 
to +85°C). The 
output current is zero-for-zero 
differential 
input volt- 
age. The OT As provide a 250MHz large-signal 
band- 
width, 
a 58mA1ns slew rate, and each current source 


delivers up to ±75mA output current. 


The transconductance 
of both OTAs can be adjusted 
between 
pin 5 and -v cc by an external 
resistor, 


allowing bandwidth, 
quiescent current, harmonic dis- 


tortion and gain trade-offs 
to be optimized. 
The out- 
put current 
can be set with a degeneration 
resistor 


between 
the emitter 
and GND. The current 
mirror 
ratio between 
the collector 
and emitter 
currents 
is 


fixed to three. Switching 
stages compatible 
to logic 


TTL levels make it possible to turn each OTA sepa- 
rately on within 
30ns and off within 
200ns at full 


power. 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


SPECIFICATIONS 


ELECTRICAL 


DC·SPECIFICATIONS 


At vce• 
±5V, RQ = 750n, 
T. = +25·C, and configured 
as noted under "CONDITIONS". 


OPA2662AP, 
AU 
CD 
CD 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
N 


OTA INPUT OFFSET 
VOLTAGE 
~ 
Initial 
RE = 50kfl, 
Rc = 40n 
12 
±30 
mV 
vs Temperature 
35 
~V/·C 
0 
YS Supply (tracking) 
Vcc = ±4.5V to ±5.5V, RE = 50kfl, 
Rc = lkfl 
27 
dB 


YS Supply (non-tracking) 
Vcc • +4.5V to +5.5V, RE • SOkfl, Rc = lkfl 
15 
dB 


YS Supply (non-tracking) 
Vcc = -4.5V 
to -5.5V, 
RE = SOk!l, Rc = lkfl 
40 
dB 
Matching 
2 
±7 
mV 


OTA B-INPUT 
BIAS CURRENT 
Initial 
RE• 
lOOn, Rc .40n 
1 
-1/+5 
~ 
en 
vs Temperature 
-5 
nArC 


YS Supply (tracking) 
Vcc = ±4.5V to ±5.5V, RE = SOkfl, Rc = 1kfl 
60 
nAN 
a: 


YS Supply (non-tracking) 
Vcc = +4.5V to +5.5V, RE = SOkfl, Rc = 1kfl 
160 
nAN 
W 
YS Supply (non-tracking) 
Vcc = -4.5V 
to -5.5V, 
RE • 50kfl, 
Rc = lkfl 
40 
nAN 
u:::: 
Matching 
0.2 
±1 
~ 


OTA C-OUTPUT 
BIAS CURRENT 
RE = lOOn, Rc = 1Iill 
::i 
Initial 
0.5 
-{l.5/+1.5 
mA 
a. 


vs Temperature 
1.5 
~·C 
:!!: 
YS Supply (tracking) 
Vcc = ±4.5V to ±5.5V 
72 
~ 


YS Supply (non-tracking) 
Vcc = +4.5V to +5.5V 
236 
~ 
<I: 


YS Supply (non-tracking) 
Vcc = -4.5V 
to -5.5V 
92 
~ 
..J 
Matching 
0.06 
±O.5 
mA 
<I: 
B-INPUT 
IMPEOANCE 
Z 
Impedance 
10• ±17mA 
4.5111.5 
Mnll 
pF 
0 
OTA INPUT NOISE 
Input Noise Voltage Density 
I = 20kHz to lOOMHz 
4.4 
nV/..fHz 
~ 
Output Noise Current Density 
0.09 
nAl..fHz 


Signal-ta-Noise 
Ratio 
SIN = 20 log " (0.7NN" 
.J5MHz) 
97 
dB 
a: 
OTA G-RATED 
OUTPUT 
W 
Output Voltage Compliance 
Ie = ±5mA, 
RE • 1000, 
Rc • 1kfl 
±3.4 
V 
a. 


Output Current 
Rc = 40n, 
RE - lOOn 
±75 
mA 
0 
V,N = ±3V 
Output Impedance, 
rc 
la = ±17mA 
4.5116.5 
kfl 
II pF 


OTA E-RATED 
OUTPUT 
Voltage Output 
RE = lOOn, Rc = 40n 
±3.0 
I 
V 
DC Current Output 
RE• 
lOOn, Rc - 40n 
V,N = ±4V 
±25 
mA 
Voltage Gain 
V,N = ±2.5V 
RE - lOOn 
0.86 
VN 


RE .50kfl 
0.98 
VN 
Output Impedance, 
rE 
la - ±17mA 
16112.2 
nil 
pF 


POWER SUPPLY 
Rated Voltage 
RE = SOkfl, Rc = 1ill 
±4.5 
±5.5 
VDC 
Derated Performance 
RE = 50kfl, 
Rc = 40n 
±3 
±6 
VDC 
Positive Quiescent 
Current 
Ra = 7500, 
RE = 50kn, 
Rc • 1ill, 
+15 
+17 
+18 
mA 
lor both OTAs") 
Both Channels 
Enabled 
Positive Quiescent 
Current 
Ra = 7500, 
RE = 50kn, 
Rc • 1kfl, 
+4 
mA 
lor both OTAs") 
Both Channels 
Disabled 
Quiescent 
Current Range 
Programmable 
Ra = 3kfl 
to 30n 
±3 
±65 
mA 


TEMPERATURE 
RANGE 
Specification 
Ambient Temperature 
-40 
+85 
·C 
Thermal 
Resistance, 
8JA 
AP 
90 
·cm 
AU 
100 
·cm 


NOTES: (1) Characterization 
sample. (2) "Typical Values" are Mean values. The average of the two amplifiers 
is used for amplifier specific parameters. 
(3) -Min" 


and -Max- Values are mean ±3 Standard Deviations. Worst case of the two amplifiers (Mean ±3 Standard Deviations) 
is used for amplifier specific parameters. 
(4) 


t-a typically 
2mA less than I"a due to OTA C-Output 
Bias Current and TIL 
Select Circuit Current. 


The Information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 
(CO NT) 


ELECTRICAL 
AC-SPECIFICATION 
Typical at Vee = ±SVDC, Ro = 7son, 
Ie = ±37.SmA (V,N = 2.SVpp, RE = 100n), 
Ie = ±7SmA (V,N• 
2.SVpp, RE = SOn), RsauAeE = son, and T, = +2SoC, unless 
otherwise 
noted. 


OPA2662AP. 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
DOMAIN 


LARGE 
SIGNAL 
BANDWIDTH 


Ie = ±37.SmA 
RE = 100n, 
Rc = son 
1S0 
MHz 
Ie = ±7SmA 
RE = lOon, 
Rc = 2sn 
200 
MHz 


Ie = ±37.SmA (Optimized) 
RE = lOOn, Rc = son, 
CE = S.6pF 
370 
MHz 
Ie = ±7SmA (Optimized) 
RE = 100n, 
Rc = 2Sn, CE = S.6pF 
2S0 
MHz 


GROUP DELAY 
TIME 
RE = lOon, 
Rc = son 
Measured 
Input to Output 
B to E 
1.2 
ns 
(Demo Board Used) 
B to C 
2.S 
ns 


HARMONIC 
DISTORTION 


Second Harmonic 
f = 10MHz, Ie = ±37.SmA 
--131 
dBc 


Third Harmonic 
--137 
dBe 
Second Harmonic 
f = 10MHz, Ie = ±7SmA 
--133 
dBc 
Third Harmonic 
--132 
dBc 
Second Harmonic 
f = 30M Hz, Ie = ±37.SmA 
-29 
dBe 


Third Harmonic 
--132 
dBc 
Second Harmonic 
f = 30MHz, Ie = ±7SmA 
--130 
dBc 
Third Harmonic 
-2S 
dBc 
Second Harmonic 
f • SOMHz, Ie = ±37.SmA 
--131 
dBe 
Third Harmonic 
--130 
dBc 
Second Harmonic 
f = SOMHz, Ie = ±7SmA 
-28 
dBc 
Third Harmonic 
-23 
dBe 


CROSSTALK 
Typical Curve Number 3 
Ie = ±37.SmA, 
f = 30MHz 
-51 
dB 
Ie = ±7SmA, f = 30MHz 
-S6 
dB 


FEEDTHROUGH 
Off Isolation 
RE = lOOn, f = 30M Hz 
-90 
dB 


RE = son, 
f = 30MHz 
-90 
dB 


TIME DOMAIN 
Rise Time 
10% to 90% 
7SmA Step Ie 
2 
ns 
1S0mA Step Ie 
2.6 
ns 
Slew Rate 
Ie = 7SmA 
37.S 
mAins 


Ie = 1S0mA 
S8 
mAins 


OPA2662AP. 
AU 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


ENABLE 
INPUTS 


Logic 1 Voltage 
2 
Vcc + 0.6 
V 
Logic 0 Voltage 
0 
0.8 
V 
Logic 1 Current 
VSEL= 2.0V to SV 
0.8 
1.1 
10 
~A 
Logic 0 Current 
VSEL= OV to 0.8V 
-1 
O.OS 
~ 


SWITCHING 
CHARACTERISTICS 
Ie = 1S0mAp-p, f = SMHz 


EN to Channel ON Time 
90% Point of Vo = 1Vp-p 
30 
ns 


EN 10 Channel OFF Time 
10% Point of Vo :: lVp-p 
200 
ns 
Switching 
Transient, 
Positive 
(Measured 
While Switching 
30 
mV 
Switching 
Transient, 
Negative 
Between the Grounded 
Channels) 
-80 
mV 
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SPECIFICATIONS 
(CO NT) 


ELECTRICAL 
(Full Temperature 
Range -40°C to +85°C) 


At Vcc = ±5VDC, 
Ra = 7500, 
T.: 
TM1N 
to TMAJ(,unless otherwise 
noted, and configured 
as noted under "CONDITIONS". 


OPA2662AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


OTA INPUT OFFSET VOLTAGE 
RE - 50kn, 
Rc - 400 
Initial 
12 
±36 
mV 


Matching 
2 
±7.2 
mV 


OTA INPUT BIAS CURRENT 
RE : 
1000, Rc : 400 


Initial 
-1.9 
1 
5.9 
IlA 


Matching 
-1.2 
0.2 
1.2 
IlA 


OTA TRANSCONDUCTANCE 
Transconductance 
Ic - 75mA, RE - 0 
580 
610 
mAN 


OTA C·RATED 
OUTPUT 


Output 
Voltage 
Compliance 
Ic = ±5mA, 
RE = 1000, 
Rc = 160 
±3.2 
V 


POWER SUPPLY 
Positive 
Quiescent 
Current 
for both DTAs('" 
Ra : 7500, 
RE : 50kn, 
Rc : 
1kn, 
+8 
+17 
+25 
mA 


Both Channels 
Selected 


DICE INFORMATION 
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PAD 
FUNCTION 


1 
+5V Supply 


2 
Input, Amplifier 
1 


3 
TTL, Amplifier 
1 


4 
Ground 


5 
Enable 


6 
TTL, Amplifier 
2 


7 
Input, Amplifier 
2 


8 
-5V 
Supply 


9 
-5V 
Supply, Output 2 


10 
-5V 
Supply, Output 1 


11 
Buffer, 
Amplifier 
2 


12 
OTA Output, Amplifier 
2 


13 
OTA Output, Amplifier 
1 


14 
Buffer, Amplifier 
1 


15 
+5V Supply, Output 2 


16 
+5V Supply, Output 1 


Substrate 
Bias: 
Negafive Supply 
NC: No Connection 
Wire 
Bonding: 
Gold wire bonding 
is recommended. 


MILS (0,001") 
MILLIMETERS 


Die Size 
57x69±5 
1.44 x 1.76 ±0.13 


Die Thickness 
14±1 
0.55 ±0.025 


Min. Pad Size 
4 x 4 
0.10xO.10 


Backing: 


Titanium 
0.02, +0.05, ~.0005, 
+0.0013, -0 


Gold 
0.30, ±0.05 
0.0076, ±0.0013 


For Immediate Assistance, Contact YourLocal Salesperson 


ABSOLUTE 
MAXIMUM 
RATINGS 


A 
ELECTROSTATIC 
JJ!lia.. DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. 
ESD can cause damage ranging from 
subtle performance 
degradation 
to complete 
device failure. 
Precision 
integrated 
circuits 
may be more 
susceptible 
to 
damage because very small parametric 
changes could cause 
the device not to meet published 
specifications. 


Burr-Brown's 
standard 
ESD test method 
consists 
of five 
IOOOVpositive and negative discharges (lOOpF in series with 
I.Sill) 
applied to each pin. 


Power Supply VoUage 
. 
±6V 
Input vouage('1 
±vcc 
to ±O.7V 
Operating Temperature 
-40°C 
to +85°C 
Storage Temperature 
, 
-40°C 
to +125°C 


Junction 
Temperature 
+1SOOC 
Lead Temperature 
(soldering, 
1Os) 
+300"C 
Digital Input VoUages (EN" 
EN,) 
-{).5 to +Vcc +0.7V 


NOTE: (1) Inputs are internally diode-clamped 
to ±V CC' 


MODEL 
DESCRIPTION 
TEMPERATURE 
RANGE 


OPA2662AP 
16-Pin Plastic DIP 
-40"<: to +85·C 


OPA2662AU 
16-Pin SOIC 
-40"<: to +8S·C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER<') 


OPA2662AP 
16-Pin Plastic DIP 
180 
OPA2662AU 
16-Pin SOIC 
211 
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BURR - BROWN® 
1E3E31 


Wideband, 
Low Power, Quad Voltage Feedback 


OPERATIONAL 
AMPLIFIER 


• 
LOW POWER: 
50mW/channei 


• 
UNITY GAIN STABLE 
BANDWIDTH: 
360M Hz 


• 
FAST SETTLING 
TIME: 20n5 to 0.01% 


• 
LOW INPUT BIAS CURRENT: 
511A 


• 
DIFFERENTIAL 
GAINIPHASE 
ERROR: 


0.010/010.025° 


• 
14-PIN DIP and SO-14 SURFACE 
MOUNT 
PACKAGES 
AVAILABLE 


The OPA4650 is a quad, low power, wideband voltage 
feedback operational amplifier. It features a high band- 
width of 360MHz as well as a 12-bit settling time of 
only 20ns. The low input bias current allows its use in 
high 
speed 
integrator 
applications, 
while 
the wide 
bandwidth 
and true differential 
input stage make it 
suitable 
for use in a variety of active filter applica- 
tions. Its low distortion gives exceptional 
performance 
for telecommunications, 
medical 
imaging 
and video 
applications. 


The OPA4650 
is internally 
compensated 
for unity- 
gain stability. This amplifier 
has a fully symmetrical 
differential 
input 
due to its "classical" 
operational 
amplifier circuit architecture. 
Its unusual combination 
of speed, accuracy and low power make it an outstand- 
ing choice for many portable, multi-channel 
and other 
high speed applications, 
where power is at a premium. 


The OPA4650 
is also available 
in single (OPA650) 
and dual (OPA2650) 
configurations. 


• 
HIGH RESOLUTION 
VIDEO 


• 
MONITOR 
PREAMPLIFIER 


• 
CCD IMAGING 
AMPLIFIER 


• 
ULTRASOUND 
SIGNAL 
PROCESSING 


• 
ADC/DAC 
BUFFER 
AMPLIFIER 


• 
ACTIVE 
FILTERS 


• 
HIGH SPEED INTEGRATORS 


• 
DIFFERENTIAL 
AMPLIFIER 


-Vs 


Simplified SChematic 


, of 4 Channels 


Intematlonal 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO Box 11400 
Tucson, AZ 85734 
• 
S1reel Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, AZ 85706 
Tel: (520) 746-1111 
• 
Twx: 911).952·1111 
• 
cable: 
BBRCORP 
• 
Telex: 066-0491 
• 
FAX: (520)889-1510 
• 
Immediate 
Product Info: (800)548-6132 


BURR-BROWNe 
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PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 
Closed-Loop 
Bandwidth(l) 
G: 
+1 
360 
MHz 
G = +2 
120 
MHz 
G: 
+5 
35 
MHz 
G: 
+10 
16 
MHz 
Gain Bandwidth 
Product 
160 
MHz 


Slew Rate(2) 
G: 
+1, 2V Step 
240 
VI"s 
Over Specilied 
Temperature 
220 
V/"s 


Rise Time 
0.2V Step 
1 
ns 


Fall TIme 
0.2V Step 
1 
ns 


Settling Time 
0.01% 
G: 
+1, 2V Step 
20 
ns 


0.1% 
G: 
+1, 2V Step 
, 
10.3 
ns 


1% 
G: 
+1, 2V Step 
7.9 
ns 


Spurious 
Free Dynamic 
Range 
G = +1, I = 5.0 MHz, Vo = 2Vp-p 
RL: 
1000 
68 
dBc 


RL = 4020 
74 
dBc 


Differential 
Gain 
G : +2, NTSC, Vo = 1.4Vp, RL: 
1500 
0.01 
% 


Differential 
Phase 
G = +2, NTSC, Vo = 1.4Vp, RL = 1500 
0.025 
Degrees 


Bandwidth 
lor 0.1dB Flatness 
G: 
+2 
21 
MHz 
Crosstalk 
Input Relerred, 
5MHz, all hostile 
-63 
dB 
Input Referred, 
5MHz. Channel-to-Channel 
~6 
dB 


OFFSET VOLTAGE 
Input Offset Voltage 
±1 
±5.5 
mV 
Average 
Drift 
±3 
"VI·C 


Power Supply Rejection (+Vs) 
IVsl : 4.5V to 5.5V 
60 
76 
dB 
(-Vs> 
47 
52 
dB 


INPUT BIAS CURRENT 
Input Bias Current 
VCM: 
OV 
5 
20 
JJ.A 
Over Temperature 
30 
JJ.A 


Input Offset Current 
VCM: 
OV 
0.5 
1.0 
JJ.A 


Over Temperature 
3.0 
JJ.A 


INPUT NOISE 
Input Voltage Noise 


nVlv'Hz 
Noise Density. I = 100Hz 
43 
I - 10kHz 
9.4 
nV/v'Hz 


1= lMHz 
8.4 
nVlv'Hz 
1= lMHz 
to 100MHz 
8.4 
nVlv'Hz 


Integrated 
Noise, BW : 10Hz to 100MHz 
84 
"Vp-p 
Input Bias Current Noise 


pAlv'Hz 
Current Noise Density, f:: O.1MHz to 100MHz 
1.2 
Noise Figure (NF) 


Rs' 
10kO 
4.0 
dBm 


Rs = 500 
19.5 
dBm 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±2.8 
V 
Over Specified Temperature 
±2.2 
V 


Common-Mode 
Rejection 
VCM = ±0.5V 
65 
90 
dB 


INPUT IMPEDANCE 
Differential 
15111 
kO II pF 
Common·Mode 
1611 , 
MO II pF 


OPEN-LOOP 
GAIN 
Open-Loop 
Voltage Gain 
Vo - ±2V, RL: 
1000 
45 
51 
dB 
Over Specified Temperature 
Vo : ±2V, RL 
• 
1000 
43 
dB 


OUTPUT 
Voltage Output 
Over Specified Temperature 
No Load 
±2.2 
±3.0 
V 
RL = 2500 
±2.2 
±2.5 
V 
RL: 
1000 
±2.0 
±2.3 
V 
Current Output 
+25°C to Max Temperature 
±40 
±SO 
mA 
Over Specified 
Temperature 
±30 
mA 
Short Circuit Current 
60 
mA 
Output Resistance 
O.lMHz. 
G _ +1 
0.08 
0 


POWER SUPPLY 
Specified Operating 
Voltage 
±5 
V 
Operating 
Voltage Range 
±4.5 
±5.5 
V 
Quiescent 
Current 
All Channels 
±23 
±32 
mA 
Over Specified 
Temperature 
±35 
mA 


TEMPERATURE 
RANGE 


Specification: 
P, U 
-40 
+85 
·C 
Thermal 
Resistance, 
9JA 


P 
75 
·CiW 
U 
75 
·eiW 
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Total Supply Voltage Across Device 
11V 


Internal 
Power 
Dissipation 
See Thermal 
Considerations 
Differential 
Input Voitage 
±2.7V 
Common-Mode 
Input Voltage 
Range 
±Vs 


Storage Temperature 
Range: P, U, 
-40'C 
to +125'C 
Lead Temperature 
(soldering, 
10s) .. 
.. 
+300'C 
(soldering, 
SOIC 3s) . 
.. 
+260'C 
Junction 
Temperature 
(TJ) 
+175°C 


PIN CONFIGURATION 


Top View 
DIPISO-14 


Output 1 
Output 4 


-Input 
1 
-Input 
4 


+Input 1 
+Input 4 


+Vs 
-Vs 


+Input 2 
+Input 3 


-Input 
2 
-Input 
3 


Output 2 
Output 3 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


OPA4650U 
SO-14 Surtace Mount 
235 
OPA4650P 
14-Pin Plastic DIP 
010 


MODEL 


OPA4650U 
OPA4650P 


TEMPERATURE 
RANGE 


-40'C 
to +85'C 


-40'C 
to +85'C 


A 
ELECTROSTATIC 
J.l!/;;,. DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. BUff-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate 
ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published 
speci- 
fications. 


100 


CD~ 


<= 
90 
0'jj 
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Q) 
80 
'8 
~ 
0 
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CD 
100 
~ 
II: 
90 
II:::; 
() 
'0 
80 
<= 
'"II: 
en 
70 
0- 
j 
60 


- 
-~MRR 


PSR+ 


PSR- 
/ 
r 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CO NT) 


;(.s 
6 
c~ 
:> 
U 
gj 
iii 


:>f 


4 
-50 
-25 
0 


+/-- 
10 


1--- 
0 


;( 
E. 65 


C 
~ 
u;; 
~ 
60 
o 


25 
50 


Temperature 
('e) 


40 


§: 
~ 30 
a:,; 
" 
c: 
* 


20 


-'"'" 
a: 
c:0 
"ai 
10 
~ 


'" 
~- 
- 
PA 
- 


+ 


c, r 


-=- 
-=- 
-=- 


20 
40 
60 
80 


eapac~ive 
Load. eL (pF) 


~~ 
~~ 
.!8 .!8 
o 
0 
Z 
Z 
10 
C '" 
~ ~ 
u g 


;; 
:> 
c. c. 
.5: .E 


10k 
lOOk 


Frequency (Hz) 


200 


160 


120 
;;- 


80 
.s 
'" 
40 
0> 
~ 
0 
> 
~ 


-40 


6 
~o 


-120 


-160 


-200 


I 
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TYPICAL PERFORMANCE CURVES (CO NT) 


2.0 
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1.2 


~ 
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W!14/DI~ 
B~n~li~~ ~ 120JHz 


1 


\ 


i\ 


~ 
3 


c 
~ 
0 


10M 
100M 


Frequency (Hz) 


- 
~d.\llil,PBaA~kltl~llIJ~Hz 
I 


i"--.+ 
\. 


1\ 


iD 17 
"0 
~ 
14 
... 
Cl 
11 


10M 
100M 


Frequency (Hz) 


CLOSED-LOOP 
BANDWIDTH 
(G = +1) 


~o!1LW~~ndwidth13~J~W 


10M 
100M 


Frequency (Hz) 


~14/DIP 
L~JJil!11= 35MHz 
- 


r--.. 


\\ 


~ 
11 
c 
~ 
8 


10M 
100M 


Frequency (Hz) 


I 


Gain 
"- 
II" 


Phase f--" 
••...•" 
" 


"- 


~I 


1\ 


iD 
:!?- 
c 
30 
~ 


lOOk 
1M 
10M 
100M 
1G 


Frequency (Hz) 


+45 


0 


-45 


C 


-90 
'"~ 
ll. 


-135 


-180 


/, 
II 


/ 


31"/ 
/ 


tf./210 
II 


0=o 
.~ 
is 
-70 


" 
.C' 
~ 
J: 


1M 
10M 


Frequency (Hz) 


-60 


;[ 
-70 
:!!. 


0=0 
'E~ 
-80 
is 
.2 
0=0 
~ 
-90 


J: 


G:+2 
V 
..- 
.7 


/ 
/ 


3f;y 


7" 
210 


/ 


1 


Output Swing (Vp-p) 


40 


;[ 
50 
:!!. 
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60 
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E 
70 
.• 
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Output Swing (Vp-p) 


- 
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Non-Inverting 
Gain (VN) 
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DISCUSSION OF 
PERFORMANCE 


The 
OP A4650 
is a quad 
low power, 
wideband 
voltage 
feedback 
operational 
amplifier. 
Each channel 
is internally 
compensated 
to provide unity gain stability. The OP A4650' s 
voltage feedback 
architecture 
features true differential 
and 
fully symmetrical 
inputs. This minimizes offset errors, mak- 
ing the OPA4650 
well suited for implementing 
filter and 
instrumentation 
designs. 
As a quad operational 
amplifier, 


OP A4650 is an ideal choice for designs requiring 
multiple 
channels where reduction of board space, power dissipation 
and cost are critical. 
Its ac performance 
is optimized 
to 
provide 
a gain bandwidth 
product 
of l60MHz 
and a fast 
0.1 % settling time of 10.3ns, which is an important 
consid- 
eration in high speed data conversion 
applications. 
Along 
with its excellent 
settling characteristics, 
the low dc input 
offset of±lmV 
and drift of±3I1V/oC support high accuracy 
requirements. 
In applications 
requiring 
a higher 
slew rate 
and wider bandwidth, 
such as video and high bit rate digital 
communications, 
consider 
the 
quad 
current 
feedback 
OPA4658. 


CIRCUIT 
LAYOUT 
AND BASIC OPERATION 


Achieving optimum performance 
with a high frequency am- 
plifier like the OPA4650 requires careful attention to layout 
parasitics and selection of external components. 
Recommen- 
dations for PC board layout and component selection include: 


a) Minimize 
parasitic 
capacitance 
to any ac ground for all 
of the signal 110 pins. Parasitic 
capacitance 
on the output 
and inverting 
input pins can cause instability; 
on the non- 
inverting 
input it can react with the source impedance 
to 
cause unintentional 
bandlimiting. 
To reduce unwanted 
ca- 
pacitance, 
a window around the signal 110 pins should be 
opened in all of the ground and power planes. Otherwise, 
ground and power planes should be unbroken elsewhere 
on 
the board. 


b) Minimize 
the distance 
« 
0.25") from the two power pins 
to high frequency 
0.1/lF decoupling 
capacitors. 
At the pins, 


the ground and power plane layout should not be in close 
proximity 
to the signal 110 pins. Avoid narrow power and 
ground traces to minimize inductance 
between the pins and 
the decoupling capacitors. Larger (2.2/lF to 6.8/lF) decoupling 
capacitors, 
effective 
at lower frequencies, 
should 
also be 
used. 
These 
may 
be placed 
somewhat 
farther 
from 
the 
device and may be shared among several devices in the same 
area of the PC board. 


c) Careful 
selection 
and 
placement 
of external 
compo- 
nents will preserve 
the high frequency 
performance 
of the 
OPA4650. 
Resistors 
should be a very low reactance 
type. 
Surface mount resistors work best and allow a tighter overall 
layout. 
Metal 
film 
or carbon 
composition 
axially-leaded 
resistors can also provide good high frequency performance. 
Again, 
keep 
their 
leads 
as short 
as possible. 
Never 
use 
wirewound 
type resistors in a high frequency 
application. 


Since the output pin and the inverting 
input pin are most 
sensitive to parasitic capacitance, 
always position the feed- 
back and series output resistor, if any, as close as possible to 


BURR 
- BROWNGII 
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the package pins. Surface mount feedback resistors directly 
adjacent to the output and inverting input pins work well for 
the quad pinout. Other network 
components, 
such as non- 
inverting 
input termination 
resistors, 
should also be placed 


close to the package. 


Even with a low parasitic capacitance 
shunting the resistor, 


excessively 
high resistor values can create significant 
time 
constants 
and degrade 
performance. 
Good 
metal 
film or 
surface mount resistors 
have approximately 
0.2pF in shunt 
with the resistor. 
For resistor 
values> 
1.5kil, 
this adds a 
pole 
and/or 
zero below 
500MHz 
that can 
affect 
circuit 
operation. 
Keep resistor values as low as possible consistentlll 
with output 
loading 
considerations. 
The 
402Q 
feedback 
used for the Typical 
Performance 
Plots is a good starting 
point for design. Note that a 25Q feedback 
resistor, rather 
en 
than a direct short, is suggested 
for a unity gain follower. 
a:: 
This effectively 
reduces the Q of what would otherwise 
be 
W 
a parasitic inductance 
(the feedback wire) into the parasitic 
u:: 
capacitance 
at the inverting 
input. 
::i 


d) Connections 
to other 
wideband 
devices 
on the board 
0. 


may be made with short direct traces or through 
on-board 
:!! 
transmission 
lines. For short connections, 
consider the trace 
<C 
and the input to the next device as a lumped capacitive 
load. 
..J 
Relatively 
wide traces 
(50 to 100 mils) 
should 
be used, 
<C 
preferably 
with ground and power planes opened up around 
Z 
them. Estimate 
the total capacitive 
load and set RISO from 0 
the plot of recommended 
RISO 
vs capacitive 
load. 
Low 
j:; 
parasitic loads may not need an RISO since the OPA4650 
is 
ic( 
nominally compensated 
to operate with a 2pF parasitic load. 
a:: 


If a long trace is required and the 6dB signal loss intrinsic to 
W 
doubly terminated 
transmission 
lines is acceptable, 
imple- 
00. 


ment a matched impedance transmission line using microstrip 
or stripline techniques 
(consult an ECL design handbook for 
microstrip 
and stripline layout techniques). 
A 50Q environ- 
ment is not necessary 
on board, and in fact a higher imped- 
ance environment 
will improve 
distortion 
as shown in the 
distortion 
vs load plot. With 
a characteristic 
impedance 
defined based on board material 
and desired 
trace dimen- 
sions, 
a matching 
series 
resistor 
into the trace 
from the 
output of the amplifier is used as well as a terminating 
shunt 
resistor 
at the input of the destination 
device. 
Remember 
also that the terminating 
impedance 
will be the parallel 
combination 
of the shunt resistor and the input impedance of 
the destination 
device; the total effective impedance 
should 
match the trace impedance. 
Multiple destination 
devices are 
best handled as separate transmission 
lines, each with their 
own series and shunt terminations. 


If the 6dB attenuation 
loss of a doubly 
terminated 
line is 


unacceptable, 
a long trace can be series-terminated 
at the 
source end only. This will help isolate the line capacitance 
from the op amp output, but will not preserve signal integrity 
as well as a doubly terminated 
line. If the shunt impedance 
at the destination 
end is finite, there will be some signal 
attenuation 
due to the voltage divider formed by the series 
and shunt impedances. 


e) Socketing 
a high speed 
part 
like the OPA4650 
is not 
recommended. 
The additional 
lead length and pin-to-pin 
capacitance 
introduced 
by the socket creates an extremely 
troublesome 
parasitic 
network 
which 
can make it almost 


impossible to achieve a smooth, stable response. Best results 
are obtained by soldering the part onto the board. If socket- 
ing for the DIP package 
is desired, 
high frequency 
flush 
mount pins (e.g., McKenzie 
Technology 
#71OC) can give 
good results. 


The OPA4650 is nominally specified for operation using ±5V 
power supplies. A 10% tolerance on the supplies, or an ECL 
-5.2V for the negative supply, is within the maximum speci- 
fied total supply voltage of 11V. Higher supply voltages can 
break down intemaljunctions 
possibly leading to catastrophic 
failure. Single supply operation is possible as long as com- 
mon mode voltage constraints 
are observed. 
The common 
mode input and output voltage specifications 
can be inter- 
preted as a required headroom to the supply voltage. Observ- 
ing this input and output headroom 
requirement 
will allow 
non-standard 
or single supply operation. Figure 1 shows one 
approach to single-supply 
operation. 


Vour= 
~+AVVAC 
I 
ROUTt 


OFFSET 
VOLTAGE 
ADJUSTMENT 


One 
simple 
way 
to null the initial 
offset 
voltage 
while 
retaining 
the low offset drift of the OPA4650 
is shown in 
Figure 
2. The 
20kO 
potentiometer 
and the 47kQ 
series 
resistor 
RTR1M create 
a small correction 
current 
which 
is 
summed into the inverting node. The O.llJP capacitor keeps 
high~frequency 
power supply noise from coupling 
into the 
signal path. Although the initial offset will be nulled to zero 
with this technique, issues of temperature 
drift must also be 
considered. 
The additional 
resistor R3 is shown matched to 
the parallel 
combination 
Rj 
and R2 (the RTRIM 
path 
is 
assumed 
to be negligible 
in this calculation). 
This 
will 
eliminate the first-order offset drift due to input bias current 
leaving only the input offset current (Ios) drift multiplied by 
the feedback 
resistor R2• 


ESD PROTECTION 


ESD damage has been a well recognized 
source of degrada- 
tion for MOSFET 
type 
circuits, 
but any 
semiconductor 
device can be vulnerable 
to damage. This becomes more of 
an issue for very high speed processes like that used for the 


'---;-v-----"' 


V1N or Ground 


Output Trim Range =: +Vs 
~ 
to -Vs 
R2 


RTR1M 
RTRIM 


NOTE: 
(1) R3 is optional 
and can be used to cancel 
offset errors 


due to input bias currents. 


OPA4650. ESD damage can cause subtle changes in ampli- 
fier input characteristics 
without necessarily 
destroying 
the 
device. In precision operational 
amplifiers, 
this may cause a 
noticeable 
degradation 
of offset 
voltage 
and drift. 
ESD 
handling precautions 
are strongly recommended 
when han- 
dling the OPA4650. 


OUTPUT 
DRIVE CAPABILITY 


The OPA4650 
has been optimized 
to drive 750 
and 1000 
resistive 
loads. The device 
can drive 
IVp-p 
into a 750 
load. This high output drive capability 
makes the OPA4650 
an ideal 
choice 
for a wide 
range 
of RF, IF and video 
applications. 
In many cases, 
additional 
buffer 
amplifiers 
are unnecessary. 


Many demanding 
high speed applications, 
such as driving 
Analog-to-Digital 
converters, 
require 
op amps 
with 
low 
wideband output impedance. For example, low output imped- 
ance is essential when driving the signal-dependent 
capaci- 
tance at the input of a flash AID converter. 
As shown in 
Figure 
3, the OPA4650 
maintains 
very 
low closed-loop 
output impedance over frequency. Closed-loop output imped- 
ance increases with frequency 
since loop gain is decreasing. 
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THERMAL 
CONSIDERATIONS 


The 
OP A4650 
will 
not require 
heatsinking 
under 
most 
operating 
conditions. 
Maximum 
desired junction 
tempera- 
ture will limit the maximum allowed internal power dissipa- 
tion as described 
below. 
In no case should the maximum 
junction 
temperature 
be allowed to exceed + 175°C. 


Operating 
junction 
temperature 
(TJ) 
is given 
by TA 
+ 
PD9JA- The total internal power dissipation 
(PD) is a com- 
bination 
of the total quiescent 
power for all channels 
(PDQ) 
and the sum of the powers dissipated 
in each of the output 


stages 
(PDJ to deliver 
load power. 
Quiescent 
power 
is 
simply the specified 
no-load supply current times the total 


supply 
voltage 
across 
the part. 
PDL will depend 
on the 
required 
output signal and load but would, for a grounded 
resistive 
load, be at a maximum 
when the output is a fixed 
dc voltage equal to 112 of either supply voltage (assuming 
equal bipolar 
supplies). 
Under this condition, 
PDL = Vl/ 


(4oRL) where RL includes 
feedback 
network 
loading. Note 
that it is the power dissipated 
in the output stage and not in 
the load that determines 
internal power dissipation. 
As an 
example, 
compute 
the maximum 
TJ for an OPA4650U 
at 
Ay = +2, RL = lOOn, RFB = 402n, 
±Vs = ±5V, with all 4 
outputs at IVsl2l, and the specified 
maximum 
TA = +85°C. 


PD = lOVo35mA 
+ 4o(52)/(4o(lOOQll804n)) 
= 631mW. 


Maximum 
TJ = +85°C + 0.64IWo75°C/W 
= 133°C. 


DRIVING 
CAPACITIVE 
LOADS 


The OPA4650's 
output stage has been optimized 
to drive 
low resistive 
loads. Capacitive 
loads will decrease 
phase 
margin which may result in high frequency 
oscillations 
or 
peaking. 
Capacitive 
loads greater than IOpF should be iso- 
lated by connecting a small resistance (l5n 
to 30n) in series 
with the output 
as shown 
in Figure 
4. This is especially 
important 
when driving the capacitive 
input of high-speed 
AID converters. 
Increasing 
the gain from + 1 will improve 
the capacitive 
load drive due to increased phase margin. 


In general, 
capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be dri ven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable (29pF/ft for RG-58) will not load the amplifier when 
the cable is source and load terminated 
in its characteristic 


impedance. 


Each channel of the OP A4650 is internally 
compensated 
to 
be stable at unity gain with a nominal 
60° phase margin. 


This lends 
itself 
well to wideband 
integrator 
and buffer 
applications. 
Phase margin and frequency 
response flatness 


will improve at higher gains. Recall that an inverting gain of 
-I is equivalent 
to a gain of +2 for bandwidth 
purposes, i.e., 


noise gain = 2. The external compensation 
techniques devel- 
oped for voltage feedback 
op amps can be applied to this 


device. 
For example, 
in the non-inverting 
configuration, 
placing a capacitor 
across the feedback resistor will reduce 
the gain to + I starting at f = (1I27tRFCF). Alternatively, 
in the" 


inverting configuration, 
the bandwidth 
may be limited with-" 


out modifying 
the inverting 
gain by placing 
a series RC 
network to ground on the inverting node. This has the effect 
C/) 
of increasing 
the noise gain at high frequencies, 
thereby 
a: 
limiting the bandwidth for the inverting input signal through 
W 
the gain-bandwidth 
product. 
u::: 


At higher gains, the gain-bandwidth 
of this voltage feedback 
::i 
topology 
will limit bandwidth 
according 
to the open-loop 
0- 


frequency response curve. For applications 
requiring a wider 
::::!!: 
bandwidth 
at higher gains, consider 
the quad current feed- 
<C 


back model, OPA4658. 
In applications 
where a large feed- 
..J 
back resistor is required (such as photodiode 
transimpedance 
<C 
circuits), 
precautions 
must be taken to avoid gain peaking 
Z 


due to the pole formed 
by the feedback 
resistor 
and the 0 


summing 
junction 
capacitance. 
This pole can be compen- 
j:; 


sated by connecting 
a small capacitor 
in parallel 
with the 
ic( 
feedback 
resistor, creating a cancelling 
zero term. In other 
a: 
high-gain 
applications, 
use of a three-resistor 
"T' connec- 
W 
tion will reduce 
the feedback 
network 
impedance 
which 
0- 


reacts with the parasitic capacitance 
at the summing 
node. 0 


PULSE SETTLING 
TIME 


High 
speed 
amplifiers 
like the OPA4650 
are capable 
of 
extremely 
fast settling 
time with a pulse input. Excellent 
frequency response flatness and phase linearity are required 
to get the best settling times. As shown in the specifications 
table, settling time for a ±I V step at a gain of + 1 for the 
OPA4650 
is extremely 
fast. The specification 
is defmed as 


the time required, after the input transition, for the output to 
settle within a specified error band around its final value. For 
a 2V step, 
1% settling 
corresponds 
to an error band of 
±20mV, 
0.1% to an error band of±2mV, 
and 0.01% to an 
error band of ±D.2mV. For the best settling times, particu- 
larly into an ADC capacitive load, little or no peaking in the 
frequency response can be allowed. Using the recommended 
R,so for capacitive 
loads will limit this peaking and reduce 
the settling times. Fast, extremely fine scale settling (0.01 %) 
requires 
close 
attention 
to ground 
return 
currents 
in the 


supply decoupling capacitors. For highest performance, 
con- 
sider the OPA642 which isolates the output stage decoupling 
from the rest of the amplifier. 
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among me more Important speclIlcanons 
ror vlOeo appllca- 
tions. The percentage 
change 
in closed-loop 
gain over a 
specified 
change in output voltage level is defined as DG. 
DP is defined as the change in degrees of the closed-loop 
phase over the same output voltage change. For the OPA4650, 
DG and DP are both specified at the NTSC color sub-carrier 
frequency 
of 3.58MHz 
and measured 
using industry 
stan- 
dard video test equipment. 


DISTORTION 


The OPA4650's 
harmonic 
distortion 
characteristics 
for a 
lOon 
load are shown in the Typical 
Performance 
Curves. 


Distortion can be improved by increasing the load resistance 
as illustrated in Figure 5. Remember to include the contribu- 
tion of the feedback network when calculating 
the effective 
load resistance 
seen by the amplifier. 


(fo = 5MHz, 2Vp·p) 
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CROSSTALK 


Crosstalk 
is the undesired 
coupling of one channel's 
signal 
into the output of the other channels. 
Crosstalk is a consid- 
eration in all multichannel 
integrated 
circuits. The effect of 
crosstalk is measured by driving one ("channel-to-channel") 
or more ("all-hostile") 
channels and observing the output of 
the undri ven channel. 
The magnitude 
of this effect is ex- 


pressed 
in the crosstalk 
specification 
as decibels 
of gain. 


"Input 
referred" 
points 
to the fact that there 
is a direct 
correlation 
between 
gain 
and crosstalk, 
therefore 
output 
crosstalk 
increases proportionally 
at higher gains. 


In quad devices, the effect of all-hostile crosstalk is observed 
by driving all three channels concurrently 
and measuring the 
output of the undriven fourth channel. The plots in Figure 6 
illustrate 
both channel-to-channel 
and all-hostile 
crosstalk 
for the OPA4650. 


1il:3. -50 


-'"i -80 
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FIGURE 
6. Channel-to-Channel 
Isolation 
and All Hostile 
Crosstalk. 


NOISE FIGURE 


The voltage and current noise spectral density are shown in 
the Typical 
Performance 
Curves. 
For RF and IF applica- 
tions, however, 
Noise Figure 
(NF) is often the preferred 
specification. 
This 
specification 
shows 
a degradation 
in 
SNR through a device relative 
to the thermal noise of the 
source impedance 
alone. 


The NF for the OPA4650, 
using lMHz spot noise numbers 
and 
an unterminated 
non-inverting 
input, 
is shown 
in 
Figure 7. 
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Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 
This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. 
SPICE models and evaluation 
PC boards (DEM-OPA465xP) 
are available for the OPA4650. 


Contact the Burr-Brown 
Applications 
Department 
to receive 
a SPICE diskette. 
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lOa. Board Silkscreen 
(Bottom). 
lOb. Board Silkscreen 
(Top). lOcoBoard Layout (Solder Side). 10<1.Board Layout 
(Component 
Side). 
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Quad Wideband, 
Low Power Current Feedback 
OPERATIONAL 
AMPLIFIER 


• 
GAIN BANDWIDTH: 
900MHz 
at G = 2 


• 
GAIN OF 2 STABLE 


• 
LOW POWER: 50mW PER AMP 


• 
LOW DIFF GAIN/PHASE 
ERRORS: 
O.015o/JO.02° 


• 
HIGH SLEW RATE: 1700VlltS 


• 
PACKAGE: 
14-Pin DIP and 14-Pin SOIC 


• 
MEDICAL 
IMAGING 


• 
HIGH-RESOLUTION 
VIDEO 


• 
HIGH-SPEED 
SIGNAL 
PROCESSING 


• 
COMMUNICATIONS 


• 
PULSE AMPLIFIERS 


• 
ADCIDAC 
GAIN AMPLIFIER 


• 
MONITOR 
PREAMPLIFIER 


• 
CCD IMAGING 
AMPLIFIER 


The OPA4658 
is a quad ultra-wideband, 
low power 
current feedback video operational 
amplifier featuring 
high slew rate and low differential 
gain/phase 
error. 


The current feedback design allows for superior large 
signal bandwidth, 
even at high gains. The low differ- 
ential 
gain/phase 
errors, 
wide 
bandwidth 
and 
low 


quiescent current make the OPA4658 
a perfect choice 
for numerous 
video, 
imaging 
and communications 


applications. 


The OPA4658 
is internally 
compensated 
for stability 
in gains of 2 or greater. The OPA4658 is also available 
in dual, OPA2658 and single, OPA658 configurations. 


+vs 


Intematlonal 
Airport 
Industrial 
Part< 
• 
Mailing Address: 
PO Bor 11400 
Tucson, AZ 85734 
• 
Street Add •••• : 6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 
Tel: (520) 74&-1111 
• 
Twr: 9111-952·1111 
• 
cable: BBRCORP 
, 
Teler: 066-6491 
' 
FAX: (520) 889-1510 
• 
Immediate Product 
Info: (800) 54U132 
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OPA4658P, 
U 
OPA4658PB, 
UB 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 
Closed-Loop 
Bandwidth(2) 
G 
3 
+2 
450 
*(1) 
MHz 
G: 
+5 
195 
MHz 
G = +10 
130 
MHz 
Slew Rate(3) 
G = +2, 2V Step 
1700 
1000 
VlIlS 
At Minimum 
Specified Temperature 
1500 
900 
V/IlS 
Settling Time: 0.01 % 
G • +2, 2V Step 
20 
ns 
0.1% 
G = +2, 2V Step 
15.1 
ns 
1% 
G = +2, 2V Step 
4.8 
.=. 
ns 
Spurious 
Free Dynamic 
Range 
/ : 250~~Z~,~ =: +;2, ~o ==22"J'~~P 
66 
dBc 
57 
dBc 
Third-Order 
Intercept Point 
f: 
10MHz 
38 
dBm 
Differential 
Gain 
G = +2, NTSC, Vo = 1.4Vp-p, Rl = 150n 
0.015 
% 


Differential 
Phase 
G: 
+2, NTSC, Vo: 
1.4Vp-p, Rl = 150n 
0.02 
degrees 
Crosstalk 
Input Referred, 5MHz, Three Active Channels 
74 
dB 
Input Referred, 5MHz, Channel-to-Channel 
85 
dB 


OFFSET 
VOLTAGE 
Input Offset Voltage 
±1.5 
±5.5 
±2 
±5 
mV 
Over Temperature 
±5 
±8 
±4 
±8 
mV 
Power Supply Rejection 
Vs : ±4.5 to ±5.5V 
55 
70 
58 
75 
dB 


INPUT BIAS CURRENT 
Non-Inverting 
VOM 
- OV 
±6.5 
±30 
±18 
~ 
Over Temperature 
±10 
±80 
±35 
~ 
Inverting 
VOM 
- OV 
±1.1 
±35 
~ 
Over Temperature 
±30 
±75 
~ 
NOISE 
Input Voltage Noise Density 
nVlrHZ 
f = 100Hz 
7.2 
f = 10kHz 
3.3 
nVlrHZ 
f = 1MHz 
3.3 
nV/rHZ 
fB = 100Hz to 200MHz 
47 
~Vrms 
Inverting 
Input Bias Current 
pAlrHZ 
Noise Density: f ••• 10MHz 
" 
12.6 
Non-Inverting 
Input Current 
pAlrHZ 
Noise Density: f = 10MHz 
12.6 
Noise Figure (NF) 
Rs = lOon 
9.5 
dBm 
Rs·500 
11 
dBm 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±2.9 
V 
Over Temperature 
±2.5 
V 
Common-Mode 
Rejection 
VOM = ±1V 
45 
52 
dB 


INPUT IMPEDANCE 
Non-Inverting 
500 111 
kn 
IlpF 
Inverting 
25 
n 


OPEN-LOOP 
TRANSIMPEDANCE 
Open-Loop 
Transimpedance 
Vo = ±2V, Rl = 100n 
150 
350 
200 
360 
kn 
Over Temperature 
Vo = ±2V, Rl = 100n 
100 
290 
150 
300 
kn 


OUTPUT 
VoltagB Output 
No Load 
±2.7 
±3.0 
V 


Over Temperature 
±2.5 
±2.75 
V 
Voltage Output 
Rl = 250n 
±2.7 
±3.0 
V 
Over Temperature 
±2.5 
±2.7 
V 
Voltage Output 
Rl = 100n 
±2.2 
±2.7 
V 
Over Temperature 
±2.0 
±2.5 
V 
Current Output 
+25°C to max Temperature 
±40 
±5O 
±45 
V 
Over Temperature 
±30 
±48 
±35 
mA 
Short Circuit Current 
60 
mA 
Output Resistance 
lMHz, 
G = +2 
0.1 
n 
POWER SUPPLY 
Specified Operating 
VohagB 
±5 
V 
Operating 
Vohage Range 
±4.5 
±5.5 
V 
Quiescent 
Current 
All Channels, 
Vs = ±5V 
±19 
±31 
±13 
±20 
±23 
mA 
Over Temperature 
±20 
±34 
±21 
±26 
mA 


TEMPERATURE 
RANGE 
Specification: 
P, U, PB, UB 
-40 
+85 
·C 
Thermal 
Resistance, 
8JA 
P 
120 
·CIW 
U 
170 
·CIW 


The information provided herein is believed to be reliable; however, BURR· BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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Imernal 
t"ower UISSlpallonl" 
. 
. 
.::>ee""pp"callons 
Imormauon 
Differential 
Input Voltage 
. 
Total Vs 
Input Voltage 
Range 
See Applications 
Information 
Storage Temperature 
Range: P, PS, U, US 
-40oe 
to +125°e 
Lead Temperature 
(soldering, 
10s) 
+300oe 
(soldering, 
sOle 
3s) 
. 
+260oe 
Junction Temperature 
(TJ) 
+175°C 


NOTE: (1) Packages 
must be derated 
based 
on specified 9JA. Maximum 


TJ 
must be observed. 


PIN CONFIGURATION 


Top View 
DIP/SOle 


Output 1 
Output 4 


-Input 
1 
-Input 
4 


+Input 1 
+Input 4 


+Vs 
-Vs 


+Input 2 
+Input 3 


-Input 
2 
-Input 
3 


Output 2 
Output 3 


MODEL 


OPA4658P, 
PS 
OPA4658U, 
US 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device 
not to meet its published 


specifications. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES (CONT) 
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DISCUSSION OF 
PERFORMANCE 


THEORY 
OF OPERATION 


Conventional 
op amps depend on feedback 
to drive their 
inputs to the same potential. 
In current feedback 
op amps, 


inverting and non-inverting 
inputs are connected by a unity 
gain buffer, thus enabling 
the inverting 
input to automati- 
cally assume the same potential 
as the non-inverting 
input. 


This results in very low impedance 
and significant 
current 
sourcing/sinking 
ability at the inverting 
input. 


The OPA4658 
is a quad low-power, 
gain of +2 stable, 


current 
feedback 
operational 
amplifier 
which operates 
on 
±5V 
power 
supplies. 
The 
current 
feedback 
architecture 
offers 
the following 
important 
advantages 
over 
voltage 
feedback 
architectures: 
(I) the high slew rate allows the 
large signal performance 
to approach the small signal per- 
formance, 
and (2) there is very little bandwidth 
degradation 
at higher gain settings. 


The current feedback architecture 
of the OP A4658 provides 
the traditional 
strength 
of excellent 
large signal response 
plus wide bandwidth, 
making 
it a good choice for use in 
high resolution 
video, medical imaging and digital commu- 
nications. The low power requirements 
make it an excellent 
choice for numerous 
portable 
applications. 


The circuit 
in Figure 
I shows 
the equivalent 
circuit 
for 
calculating 
the DC gain. When operating 
the device in the 
inverting mode, the input signal error current (IE) is ampli- 
fied by the open loop transimpedance 
gain (To). The output 
voltage is equal to To X IE' Negative 
feedback 
is applied 
through RFB such that the device operates at a gain equal to 


-RFBIRFF· 


For non-inverting 
operation, the input signal is applied to the 
non-inverting 
(high 
impedance 
buffer) 
input. 
The output 
error current 
(I~ 
is generated 
by the buffer 
at the low 
impedance 
inverting input. The signal generated 
at the op- 
amp output is fed back to the inverting input such that the 
overall gain is (I + RFBIRFF). 


The closed-loop 
gain for the OPA4658 
can be calculated 
using the following 
equations: 
-(~:) 
Inverting Gain = 
1 
1+---- 


Loop Gain 


[1+ ~:] 
Non-Inverting 
Gain = 
1 
1+---- 


Loop Gain 


At higher 
gains 
the small inverting 
input impedance 
Rs 
causes an apparent 
loss in bandwidth. 
This can been seen 
from the equation: 


BW~~ }(:~j:0+~:J] 


This 
loss in bandwidth 
at high 
gains 
can be improved 
without 
affecting 
stability 
by lowering 
the value 
of the 
feedback 
resistor from the specified value of 4020. 


OFFSET 
VOLTAGE 
AND NOISE 


The output offset is the algebraic sum of the gained-up input 
offset voltage and effects from current sources that influence 
DC operation. The output offset is calculated 
by the follow- 
ing equation 
(refer to Figure 2): 


Output Offset Voltage = ±IbN x RN (1+ ~:)± 
(4) 


V10(1+ ~: 
)±IbI 
x RFB 


If all terms are divided by the gain (I + RFBIRFF) it can be 
observed 
that the input referred 
offset 
improves 
as gain 
increases. The effective noise at the output can be determined 
by taking the root sum of the squares of equation 
(4) and 
substituting the spectral noise values for the DC current and 
voltage terms (found in the specification 
table). This applies 
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to noise from the op amp only. Note that both the noise figure 
(NF) and the equivalent input offset voltages improve as the 
closed loop gain increases (by keeping RFBfixed and reduc- 
ing RFF with RN = OQ). 


INCREASING 
BANDWIDTH 
AT HIGH GAINS 


The closed-loop 
bandwidth can be extended at high gains by 
reducing the value of the feedback resistor RFB. This band- 
width reduction is caused by the feedback current being split 
between Rs and RFF(refer to Figure 1). As the gain increases 
(for a fixed RFB), more feedback current is shunted through 
RFF, which reduces closed-loop 
bandwidth. 


WIRING 
PRECAUTIONS/CIRCUIT 
LAYOUT 


Maximizing 
the OPA4658's 
capability requires some wiring 
precautions 
and use of high-frequency 
layout techniques. 


Oscillation, 
ringing, poor bandwidth, 
settling, gain peaking 


and instability 
are typical problems 
plaguing all high-speed 


amplifiers 
when they are improperly 
used. In general, 
all 
printed circuit board conductors 
should be wide to provide 
low impedance 
signal 
paths, 
and should 
be as short 
as 
possible. 
The entire physical 
circuit should be as small as 


practical. 
Stray 
capacitances 
should 
be minimized, 
espe- 


cially at high impedance 
nodes such as the amplifier's 
input 
terminals. 
Stray signal coupling 
from the output or power 


supplies 
to the inputs 
should 
be minimized. 
All circuit 
elements 
should 
be no longer 
than 
1/4 inch 
(6mm) 
to 


minimize 
lead 
inductance, 
and low values 
of resistance 


should be used. This will minimize 
time constants 
formed 
with the circuit capacitances 
and will eliminate 
stray para- 


sitic circuits. 


As with all high-frequency 
circuits, 
grounding 
is the most 
important application consideration 
for the OPA4658. Oscil- 
lations at high frequencies 
can easily occur if good ground- 
ing techniques 
are not used. A heavy ground plane (2 ounce 
copper recommended) 
should connect all unused areas on 
the component 
side. Good ground planes can reduce stray 
signal pickup, provide a low impedance common return path 
for signal and power, and conduct heat from active circuit 
package pins into ambient air by convection. 
However, 
do 


not place the ground plane under or near the inputs. 


Supply bypassing 
is extremely 
critical and must always 
be 
used, 
especially 
when 
driving 
high 
current 
loads. 
Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum 
capacitors 
(2.2lJF) 
with very short leads are recommended. 
A parallel 
O.llJF 


ceramic must also be added. Surface mount bypass capaci- 
tors will produce 
excellent 
results 
due to their low lead 
inductance. 
Additionally, 
suppression 
filters can be used to 
isolate noisy supply lines. Properly 
bypassed 
and modula- 
tion-free power supply lines allow full amplifier output and 
optimum 
settling time performance. 


Points 
to Remember 


1) Power 
supply bypassing 
with O.llJF and 2.2lJF surface 


mount capacitors is recommended. 
It is essential to keep the 
O.llJF capacitor 
very close to the power supply pins. Refer 
to the demonstration 
board layout in Figures 
l2a through d. 


2) Whenever 
possible, 
use surface mount components. 
Do 
not use point-to-point 
wiring 
as the increase 
in wiring 
inductance 
will be detrimental 
to AC performance. 
How- 
ever, if wires must be used, very short, direct signal paths are 
required. 
The input signal ground 
return, the load ground 
return, and the power supply common 
should all be con- 
2 


nected to the same physical point to eliminate ground loops, 
which can cause unwanted 
feedback. 


3) Surface mount on the back side of the PC board. Good 
component 
selection is essential. Capacitors 
used in critical 
locations should be low inductance 
type with a high quality 


dielectric 
material. 
Likewise, 
diodes used in critical 
loca- 


tions should 
be Schottky 
barrier 
types, such as HP5082- 
2835 for fast recovery 
and minimum 
charge storage. Ordi- 
nary p-n diodes will not be suitable in RF circuits. 


4) Whenever possible, solder the OPA4658 directly into the 
PC board 
without 
using 
a socket. 
Sockets 
add parasitic 
capacitance 
and inductance, 
which can seriously degrade the 
AC performance 
or produce small oscillations. 


5) Use a feedback 
resistor 
(usually 
402Q) 
in gain of 2 
applications 
for the best performance. 
For higher gain con- 
figurations, resistors used in feedback networks should have 
values of a few hundred ohms for best performance. 
Shunt 


capacitance 
problems 
limit the acceptable 
resistance 
range 


to about 1ill on the high end and to a value that is within the 
amplifier's 
output drive limits on the low end. Metal film 


and carbon 
resistors 
will be satisfactory, 
but wirewound 
resistors (even "non-inductive" 
types) are absolutely 
unac- 
ceptable in high-frequency circuits. Feedback resistors should 
be placed directly between the output and the inverting input 
on the backside of the PC board. This placement 
allows for 
the shortest 
feedback 
path and the highest 
bandwidth. 
A 
longer 
feedback 
path than this will decrease 
the realized 
bandwidth 
substantially. 
Refer to the demonstration 
board 
layout at the end of the data sheet. 


6) As mentioned 
above, surface 
mount components 
(chip 
resistors, capacitors, 
etc.) have low lead inductance 
and are 


therefore 
strongly recommended. 
Circuits using all surface 


mount 
components 
with the OPA4658U 
(SOIC 
package) 


will offer the best AC performance. 
The parasitic 
package 
impedance 
for the SOIC is lower than the 14-pin PDIP. 


7) Avoid overloading 
the output. 
Remember 
that output 
current must be provided by the amplifier 
to drive its own 
feedback 
network 
as well 
as to drive 
its load. 
Lowest 
distortion 
is achieved 
with high impedance 
loads. 


8) These amplifiers are designed for ±5V supplies. Although 
they will operate well with +5V and -5.2V, 
use of ±15V 
supplies will destroy them. 


9) Standard 
commercial 
test equipment 
has not been de- 
signed to test devices in the OPA4658's 
speed range. Bench 
top op amp testers and ATE systems will require a special 
test head to successfully 
test these amplifiers. 
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capacItive or induCtive lOad. tly tenrunatlng 
a transmiSSIOn 
line with its characteristic 
impedance, 
the amplifier's 
load 
then appears purely resistive. 


11) Plug-in prototype boards and wire-wrap boards will not 
be 
satisfactory. 
A clean 
layout 
using 
RF techniques 
is 
essential; 
there are no shortcuts. 


ESD PROTECTION 


ESD damage 
has been well recognized 
for MOSFET 
de- 
vices, but any semiconductor 
device 
is vulnerable 
to this 
potentially 
damaging 
source. 
This is particularly 
true for 
very high speed, fine geometry 
processes. 


ESD damage 
can cause subtle changes 
in amplifier 
input 
characteristics 
without necessarily 
destroying 
the device. In 
precision operational 
amplifiers, this may cause a noticeable 
degradation 
of offset 
voltage 
and drift. 
Therefore, 
ESD 
handling precautions 
are strongly recommended 
when han- 
dling the OPA4658. 


OUTPUT 
DRIVE CAPABILITY 


The OPA4658 
has been optimized 
to drive 75n 
and lOOn 
resistive loads. The device can drive 2Vp-p into a 75n load. 
This high-output 
drive capability 
makes the OPA4658 
an 
ideal choice for a wide range of RF, IF, and video applica- 
tions. In many cases, additional 
buffer amplifiers 
are un- 
needed. 


Many 
demanding 
high-speed 
applications 
such 
as 
ADCfDAC 
buffers 
require 
op amps with low wideband 
output impedance. 
For example, 
low output impedance 
is 
essential when driving the signal-dependent 
capacitances 
at 
the inputs of flash AID converters. As shown in Figure 3, the 
OPA4658 maintains very low closed-loop output impedance 
over 
frequency. 
Closed-loop 
output 
impedance 
increases 
with frequency since loop gain is decreasing with frequency. 


most environments. 
At extreme temperatures 
and under full 
load conditions 
a heat 
sink may be necessary. 


The internal 
power 
dissipation 
is given 
by the equation 
PD = PDQ+ PDL, where PDQ is the quiescent 
power dissipa- 
tion and PDLis the power dissipation 
in the output stage due 
to the load. (For ±V s = ±5V, PDQ= IOV x 34mA = 340mW, 
max). For the case where the amplifier is driving a grounded 
load (RL) with a DC voltage (±VOUT) the maximum value of 
PDL occurs 
at ±VOUT 
= ±V sl2, 
and 
is equal 
to PDL, 


max = (±V s? /4Rv Note that it is the voltage 
across the 
output transistor, and not the load, that determines the power 
dissipated 
in the output stage. 


The short-circuit 
condition represents the maximum amount 
of internal 
power 
dissipation 
that can be generated. 
The 
variation of output current with temperature 
is shown in the 
Typical Performance 
Curves. 


CAPACITIVE 
LOADS 


The OPA4658's 
output stage has been optimized 
to drive 
low resistive loads. Capacitive loads, however, will decrease 
the amplifier's 
phase 
margin 
which 
may cause high fre- 
quency peaking or oscillations. 
Capacitive loads greater than 
5pF 
should be buffered 
by connecting 
a small resistance, 


usually 5n 
to 25n, 
in series with the output as shown in 
Figure 4. This is particularly 
important 
when driving high 
capacitance 
loads such as flash AID converters. 


In general, capacitive 
loads should be minimized 
for opti- 
mum high frequency performance. 
Coax lines can be driven 
if the cable is properly terminated. 
The capacitance 
of coax 
cable 
(29pF/foot 
for RG-58) 
will not load the amplifier 
when the coaxial 
cable or transmission 
line is terminated 
with its characteristic 
impedance. 


COMPENSATION 


The OPA4658 
is internally 
compensated 
and is stable in 
gains of two or greater, 
with a phase margin 
of approxi- 
mately 66° in a gain of +2VN. 
(Note that, from a stability 
standpoint, 
an inverting 
gain of -IVN 
is equivalent 
to a 
noise gain of 2.) Gain and phase response for other gains are 
shown in the Typical Performance 
Curves. 


The high-frequency 
response 
of the OPA4658 
in a good 
layout is very flat with frequency. 
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CROSSTALK 


The OPA4658's 
Harmonic 
Distortion 
characteristics 
into a 
lOOn load are shown vs frequency 
and power output in the 
Typical Performance 
Curves. Distortion 
can be further im- 
proved 
by increasing 
the load resistance 
as illustrated 
in 
Figure 
5. Remember 
to include 
the contribution 
of the 
feedback 
resistance 
when calculating 
the effective 
load re- 
sistance seen by the amplifier. 
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FIGURE 
5. 5MHz Harmonic Distortion vs Load Resistance. 


The third-order intercept is an important parameter for many 
RF amplifier 
applications. 
Figure 6 shows the OPA4658's 
two tone, third-order 
intercept 
vs frequency. 
This curve is 
particularly 
useful 
for determining 
the magnitude 
of the 
third harmonic 
as a function of frequency, 
load resistance, 
and gain. For example, assume that the application 
requires 
the OPA4658 
to operate 
in a gain of +2VN 
and drive 
2Vp-p into lOOn at a frequency 
of IOMHz. Referring 
to 
Figure 6 we find that the intercept 
point is +38dBm. 
The 
magnitude 
of the third harmonic 
can now be easily calcu- 
lated from the expression: 


Third Harmonic 
(dBc) = 2(OPJ3P - Po) 


where OPJ3P = third-order 
output intercept, 
dBm 
Po = output level, dBm 


For this case OpJ3p = 38dBm, Po = 7dBm, and the third 
Harmonic = 2(38 - 7) = 62dB below the fundamental. 
The 
OPA4658's 
low distortion 
makes the device an excellent 
choice for a variety of RF signal processing 
applications. 
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Crosstalk is the undesired result of the signal of one channel 
mixing with and reproducing 
itself in the output of another 
channel or channels. Crosstalk is inclined to occur in most 
multichannel integrated circuits. In quad devices, the effect of 
crosstalk is measured by driving three channels and observing 
the output of the undriven channel over various frequencies. 
The magnitude of this effect is referenced in terms of channel- 
to-channel isolation and expressed in decibels. Input referred 
points to the fact that there is a direct correlation between gain 
and crosstalk, therefore at increased gain, crosstalk also in- 
creases by a factor equal to that of the gain. Figure 7 illustratesIII 
the measured effect of crosstalk in the OPA4658U. 
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DIFFERENTIAL 
GAIN AND PHASE 


Differential 
Gain (DG) and Differential 
Phase (DP) are criti- 
cal specifications 
for video applications. 
DG is defined as the 
percent change in closed-loop gain over a specified change in 
output voltage level. DP is defined as the change in degrees of 
the closed-loop 
phase over the same output voltage change. 


Both DG and DP are specified 
at the NTSC 
sub-carrier 
frequency of 3.58MHz and the PAL subcarrier of 4.43MHz. 
All NTSC measurements 
were performed 
using a Tektronix 
model VM700A Video Measurement 
Set. 


DG and DP of the OPA4658 were measured with the amplifier 
in a gain of +2VN 
with 75n input impedance and the output 
back-terminated 
in 75n. 
The input signal selected from the 
generator was a OVto 1.4V modulated ramp with sync pulse. 
With these conditions 
the test circuit 
shown 
in Figure 
8 
delivered a lOOIRE modulated ramp to the 75n input of the 
video analyzer. The signal averaging feature of the analyzer 
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FIGURE 
6. Third Order Intercept 
Point vs Frequency. 
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was used to establish 
a reference 
against which the perfor- 
mance of the amplifier was measured. Signal averaging was 
also used to measure the DG and DP of the test signal in order 
to eliminate the generator's 
contribution 
to measured ampli- 
fier performance. 
Typical performance 
of the OPA4658 
is 
0.015% differential 
gain and 0.020 differential phase to both 
NTSC and PAL standards. 


NOISE FIGURE 


The OPA4658's 
voltage and current noise spectral densities 
are specified 
in the Typical 
Performance 
Curves. 
For RF 
applications, 
however, 
Noise Figure (NF) is often the pre- 
ferred noise specification 
since it allows system noise per- 
formance 
to be more easily 
calculated. 
The OPA4658's 
Noise Figure vs Source Resistance 
is shown in Figure 9. 


SPICE 
MODELS 


Computer 
simulation 
using 
SPICE 
is often 
useful 
when 
analyzing 
the performance 
of analog circuits and systems. 


This is particularly 
true for Video and RF amplifier circuits 
where parasitic capacitance 
and inductance can have a major 
effect on circuit performance. SPICE models using MicroSim 
Corporation's 
PSpice are available for the OPA4658. 
Con- 
tract Burr-Brown applications departments to receive a SPICE 
Diskette. 
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FIGURE 
11. Circuit Detail for the PC Board Layout of Figure 
12. 
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FIGURE 
l2a. Board Silkscreen 
(Bottom). 
l2b. Board Silkscreen 
(Top). l2c. Board Layout (Solder Side). l2d. Board Layout 
(Component 
Side). 
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WIDEBAND 
VOLTAGE CONTROLLED AMPLIFIER 


• 
WIDE GAIN CONTROL 
RANGE: aOdB 


• 
SMALL 
PACKAGE: 
a-pin SOIC or DIP 


• 
WIDE BANDWIDTH: 
30MHz 


• 
LOW VOLTAGE 
NOISE: 2.2nVl~ 


• 
FAST GAIN SLEW RATE: 300dB/lJ.S 


• 
EASY TO USE 


The VCA610 
is a wideband, 
continuously 
variable, 
voltage controlled 
gain amplifier. 
It provides 
linear- 


dB gain control 
with high impedance 
inputs. 
It is 
designed to be used as a flexible gain control element 
in a variety of electronic 
systems. 


The VCA610 has a gain control range of 80dB (-40dB 
to +4OdB) providing 
both gain and attenuation 
for 
maximum 
flexibility 
in a small 8-pin SOIC or plastic 
dual-in-line 
package. The broad attenuation 
range can 
be used for gradual or controlled 
channel turn-on and 
turn-off for applications 
in which abrupt gain changes 


can create 
artifacts 
or other errors. 
In addition, 
the 
output can be disabled 
to provide -80dB 
of attenua- 


tion. Group delay variation with gain is typically less 
than ±2ns across a bandwidth 
of I to 15MHz. 


The VCA610 has a noise figure of 3.5dB (with an Rs 
of 200Q) 
including 
the effects 
of both current 
and 


voltage noise. Instantaneous 
output dynamic range is 
70dB for gains of OdB to +40dB 
with IMHz 
noise 
bandwidth. 
The output 
is capable 
of driving 
100Q. 


The high speed, 
300dB/IlS, 
gain control 
signal is a 


unipolar voltage that varies the gain linearly in dBN. 


• 
ULTRASOUND 


• 
AGC AMPLIFIER 


• 
ANALYTICAL 
INSTRUMENTATION 


• 
SONAR 
• 
ACTIVE FILTERS 


• 
LOG AMPLIFIER 


• 
IF CIRCUITS 


• 
CCD CAMERAS 


The VCA610 
is designed 
with a very fast overload 


recovery 
time of only 
200ns. 
This 
allows 
a large 
signal transient 
to overload 
the output 
at high gain, 


without obscuring low-level signals following 
closely 


behind. 
The 
excellent 
overload 
recovery 
time 
and 
distortion 
specifications 
optimize this device for low- 
level doppler measurements. 


-In 


+In 


Vc 
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Gain 


Control 
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SPECIFICATIONS 


VCA610PA, 
UA 
VCA610P, 
U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT NOISE 
Input Vo~age Noise 
G = +4OdB, Rs = 00 
2.2 
nV/-IHz 


Input Current 
Noise 
G = -4OdB to +4OdB 
1.4 
pAl-IHz 


Noise 
Figure 
G = +4OdB, Rs = 2000 
3.5 
dB 


INPUT 
Input Impedance 
Common-Mode 
1111 
MOllpF 
Bias Current 
All Gains 
6 
IlA 


Offset Current 
All Gains 
2 
IlA 


Differential 
Voltage 
Range 
(I) 


Common-Mode 
Voltage 
Range 
±2.5 
V 
Common-Mode 
Rejection 
- 
50 
dB 


GAIN 
Specified Gain Range 
-40 
+40 
dB 
Gain Accuracy(2) 
-4OdB S G S +4OdB 
±O.5 
±2 
±2 
±4 
dB 
Gain Accuracy 
Temperature 
Drift 
T. = -25'C 
to +B5'C 
±O.Ol 
dBf'C 
Gain with Output Disabled 
+0.1V S Vc S +2.0V, f = 1MHz 
-80 
· 
dB 


GAIN CONTROL 


Gain Scaling 
Factor 
-40dB 
S G S +4OdB 
40 
dBN 
Control Voltage (Vel 
G = -40dB (Yc = OV)to +4OdB (Vc = -2V) 
0 
-2 
V 
Bandwid1h 
-3dB 
1 
· 
MHz 
Slew Rate 
BOdB Gain Step 
300 
· 
dB/1'S 
Settling 
Time: 
1% 
V,N = 1OmVDC, '" G = BOdB 
BOO 
ns 
Input Impedance 
1111 
MOllpF 
Input Bias Current 
All Gains 
2 
IlA 
Output Offset Change(3) 
'" G = BOdB 
±30 
±75 
±125 
mV 


FREQUENCY 
RESPONSE 
Bandwid1h, Small-Signal 
-3dB, 
All Gains 
30 
MHz 
Bandwid1h, Large-Signal 
Vo = lVp-p, 
G ~ OdB 
25 
MHz 
Group 
Delay 
UniHo-Unit 
Variation 
OdB S G S +4OdB 
f= 1 to 15MHz 
±1 
I> 
, 
ns 


-4OdB SG < OdB 
f= 1 to 15MHz 
±2 
ns 
Output Slew Rate 
Vo = lVp-p 
60 
VII'S 
Overload 
Recovery(") 
200 
ns 
Two-tone 
Intermodulation 
Distortion(S) 
Small-Signal 
-50 
dBc 


Two-tone, 3rd Order IMD Intercep~S) 
Small-Signal 
15 
dBm 


OUTPUT 
Vo~age Swing/I) 


G = +4OdB 
, 
±1 
±1.6 
V 
G = OdB 
±O.5 
±O.75 
V 
Output Voltage Limit 
Symmetrical 
to Ground (±10%) 
Short-Circuit 
Current 
Continuous 
to Common 
±80 
mA 
Instantaneous Dynamic Range (IDR)(S) 


G = OdB to +4OdB 
Vo -1.5Vp-p 
70 
dB 
Offset 
G =-4OdB 
±2 
±30 
mV 
Output 
Resistance 
f _ 1MHz, All Gains 
10 
0 


POWER SUPPLY 
Specification 
±5V Recommended 
±4.5 
±5.5 
V 
PSR 
G = OdB 
40 
50 
dB 
Quiescent 
Current 
-26/+30 
±32 
mA 


TEMPERATURE 


Specification 
Applies 
to Temperature 
Drift Specs 
-25 
+B5 
'c 
Operation 
-40 
+125 
'c 
8" 


DIP 
90 
'CIW 
SO-B 
100 
'CIW 


NOTES: (1) see InpuVOutput Range discussion 
in Applications 
Information Section (Figure 2). (2) Gain is laser trimmed and tested at gains of -4OdB, OdB, +15dB, 


+25dB, 
and 
+4OdB; 
V,N =1Vp-p 
tor 
gains 
less 
than 
OdB; Vour= 
1V for 
gains 
of OdB to +4OdB. 
(3) Output 
offset 
change 
from 
offset 
at G = -4OdB. 
(4) Gain = +4OdB; Input step of 2V to 2mV; time required for output to return from saturation to linear operation. (5) V,N = 7mVp-p, VOUT = 700mVp-p 
(250mVrms); 


Output Power = -lOdBmltone, 
equal amplitude 
tones of 5MHz ±500Hz, 
G = +4OdB. See typical performance 
curves. (6) W~h Rs = 00, and noise bandwidth 
of 


lMHz. 
lOR = 20 log (VOA"'(eOAMS x .J8W»; where VOAMSis rrns output voltage, eOAMSis output noise spectral dens~, 
and BW is noise bandwidth. 
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ORDERING 
AND PACKAGE 
INFORMATION 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERt" 


VCA610PA 
8-pin Plastic DIP 
006 
VCA610P 
8-pin Plastic DIP 
006 
VCA610UA 
SO-8 Surface-Mount 
182 
VCA610U 
SO-8 Surface-Mount 
182 
o 
""'" 
NOTE:(1) 
For detailed drawing and dimension 
table. please see end of data 
CD 
sheet. or Appendix C of Burr-Brown 
IC Data Book. 
<to> 
2 


+In 
GND 
Gain 
Control, 


Vc 


No 
Intemal 
Connection 
• 


Supply 
. 
±7V 
Differential Input Voltage 
. 
Total Vs 


Input Voltage Range 
See Input Protection Section 
Storage Temperature 
Range 
-65°Cto 
+150°C 
Lead Temperature 
(soldertng, DIP, 10s) 
+300"C 
Lead Temperature 
(soldertng, SOIC, 3s) 
+260°C 
Output Short-Circuit 
to Ground (+25°C) 
Continuous 
Junction Temperature 
(T,) 
+175°C 


The information 
provided 
herein is believed 
to be reliable: however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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For Immediate Assistance, Contact Your Local Salesperson 


APPLICATIONS INFORMATION 


CIRCUIT 
DESCRIPTION 


The 
VCA610 
is a wideband 
voltage 
amplifier 
with 
a 
voltage-controlled 
gain, 
as modeled 
in Figure 
1. The 
circuit's 
basic voltage 
amplifier 
responds 
to the control 


of an internal 
gain 
control 
amplifier. 
At its input, 
the 
voltage 
amplifier 
presents 
the high impedance 
of a dif- 


ferential 
stage, permitting 
termination 
freedom 
in imped- 


ance matching. 
To preserve 
termination 
options, 
no in- 
ternal circuitry 
connects 
to the input bases of this differ- 


ential stage. For this reason, 
the user should provide 
DC 
return 
paths to ground 
for the input base currents 
either 
through 
a grounded 
termination 
resistor 
or a direct 
con- 
nection 
to ground. 
The differential 
input stage also per- 


mits rejection 
of common-mode 
signals to remove ground 
bounce 
effects. 
At its output, 
the voltage 
amplifier 
pre- 
sents 
the low impedance 
of class 
A-B emitter-follower 
stage, 
again simplifying 
impedance 
matching. 
An open- 
loop design 
produces 
wide bandwidth 
at all gain levels 
and avoids 
the added overload-recovery 
and propagation 
delays 
of feedback 
designs. 
Repeated 
use of differential 


stages 
minimizes 
offset 
effects 
for reduced 
feedthrough 


of the gain control 
signal. A ground-sensing, 
differential 
to single-ended 
converter 
retains 
the low offset 
in the 


amplifier 
output 
stage. 


A user-applied 
voltage, 
Vc, controls 
the amplifier's 
gain 
magnitude 
through a high-speed 
control circuit. Gain polar- 
ity can be either inverting 
or noninverting 
depending 
upon 
the amplifier 
input driven by the input signal. Use of the 


inverting input is recommended 
since this connection 
tends 
to minimize 
positive 
feedback 
from the output to the non- 


inverting 
input. The gain control 
circuit presents 
the high 


input impedance 
of a noninverting 
op amp connection. 


Control voltage Vc varies the amplifier gain according to the 
exponential 
relationship 
G(VN) 
= 10 -2 (Ve +1). This trans- 


lates to the linear, logarithmic 
relationship 
G(dB) = - 40 - 


40V c. Thus, G(dB) varies linearly over the specified -4OdB 


to +40dB range as Vc varies from 0 to -2V. 
Optionally, 


making Vc slightly positive, ~ 0.1 V, effectively 
disables the 
amplifier, 
producing 
SOdB of attenuation. 


Internally, 
the gain control circuit varies the amplifier 
gain 
through 
a time-proven 
method 
which 
exploits 
the linear 
relationship 
between the transconductance, 
gm' of a bipolar 
transistor 
and the transistor's 
bias current. Varying the bias 
currents of differential 
stages varies gm to control the voltage 
gain of the VCA610. Relying on transistor gmto set gain also 
avoids the need for a noise-producing 
gain-set resistor in the 


amplifier 
input circuit. This reliance normally 
introduces 
a 
high thermal sensitivity 
to the gain. However, 
the VCA610 
employs 
specialized 
analog signal processing 
that removes 


this thermal effect. 


INPUT/OUTPUT 
RANGE 


The VCA61O's SOdB gain range allows the user to handle an 
exceptionally 
wide range of input signal levels. If the unit's 


input and output voltage range specifications 
are exceeded, 


however, 
signal distortion 
and amplifier 
overloading 
will 


occur. The VCA61O's 
maximum 
input and output voltage 
range is best illustrated 
in Figure 2. 


+10 
6.33 
3.0 
2.0 
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Figure 2 plots output power vs input power for five voltage 
gains 
spaced 
at 20dB 
intervals. 
The 
IdBm 
compression 
points 
occur where 
the actual 
output 
power 
(solid 
lines) 


deviates 
by -ldBm 
from the ideal output 
power 
(dashed 
lines). Compression 
is produced 
by different 
mechanisms 


depending 
on the selected gain. For example, at G = -4OdB, 


IdBm compression 
occurs when the input signal approaches 
approximately 
3Vp-p (l3.5dBm 
for Rs = 50n). 
Input over- 
loading 
is the compression 
mechanism 
for all gains from 


-40dB 
to about -5dB. 
For gains between -5dB 
and +5dB, 


the compression 
is due to internal gain stage overloading. 


Compression 
over this gain range occurs when the output 


signal 
becomes 
distorted 
as internal 
gain 
stages 
become 


overdriven. 
At G = OdB, IdBm compression 
occurs when 


the 
input 
exceeds 
approximately 
1.5Vp-p 
(7.5dBm). 
At 


gains greater than about 5dB, the compression 
mechanism 
is 


due to output stage overloading. 
Output overloading 
occurs 
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when either the maximum 
output voltage swing or output 
current is exceeded. 
The VCA6lO's 
high output current of 
±80mA 
insures 
that virtually 
all output 
overloads 
will be 
limited by voltage swing rather than by current limiting. At 
G = +4OdB, IdBm 
compression 
occurs 
when the output 
voltage approaches 
3Vp-p (3.5dBm for RL = SOOn). Table 
I below summarizes 
these results. 


OUTPUT COMPRESSION 
TO PREVENT 
GAIN RANGE 
MECHANISM 
OPERATE 
WITHIN 


-4OdB < G < -SdB 
Input Stage Overload 
Input Vonage Range 


-5dB 
< G < +SdB 
Internal Stages Overloading 
Oulput Voltage 
Range 


+SdB < G < +'IOdB 
Output Stage Overload 
Output Voltage Range 


WIRING 
PRECAUTIONS 


Maximizing 
the VCA610's 
capability requires some wiring 
precautions 
and high-frequency 
layout techniques. 
In gen- 
eral, printed circuit board conductors 
should be as short and 
as wide as possible 
to provide low resistance, 
low imped- 
ance signal paths. Stray signal coupling from the output or 
power supplies to the inputs should be minimized. 
Unused 
inputs 
should 
be grounded 
as close 
to the 
package 
as 
possible. 


Low impedance 
ground 
returns 
for signal and power 
are 
essential. Proper supply bypassing is also extremely 
critical 
and must always be used. Both power supply leads should be 
bypassed to ground as close as possible to the amplifier pins. 
Tantalum capacitors (llJP to IOlJP) with very short leads are 
recommended. 
Surface 
mount bypass 
capacitors 
will pro- 


vide excellent 
results due to their low lead inductance. 


OVERLOAD 
RECOVERY 


As shown in Figure 2, the onset of overload occurs when- 
ever 
the actual 
output 
begins 
to deviate 
from 
the ideal 
expected 
output. 
If possible, 
the user should 
operate 
the 
VCA610 
within the linear regions shown in order to mini- 
mize signal distortion 
and overload 
delay time. However, 
instances of amplifier overload are actually quite common in 
Automatic 
Gain Control (AGe) 
circuits which involve the 
application 
of variable gain to signals of varying levels. The 
VCA6lO's 
design incorporates 
circuitry which allows it to 
recover 
from most overload 
conditions 
in 200ns or less. 
Overload 
recovery 
time is defined as the time required 
for 
the output to return from overload to linear operation follow- 
ing the removal of either an input or gain control overdrive 
signal. 


OFFSET ADJUSTMENT 


Where desired, the offset of the VCA610 can be removed as 
shown in Figure 3. This circuit simply presents a DC voltage 
to one of the amplifier's 
inputs to counteract the offset error 
voltage. 
For best offset performance, 
the trim adjustment 
should be made with the amplifier set at the maximum 
gain 
of the intended application. The offset voltage of the VCA610 
varies with gain, limiting the complete offset cancellation 
to 


BURR-BROWNe 
I~~I 
Burr-Brown Ie Data Book-Linear 
Products 


Cp 


~ 
t--"'B=2n~pcp 


Rp 
~ 


FIGURE 
3. Optional 
Offset Adjustment 
and Control Line 
Filtering. 


one selected 
gain. Selecting 
the maximum 
gain optimizes 
offset performance 
for higher gains where high amplifica- 
tion of the offset effects produces the greatest output offset. 
Two 
features 
minimize 
the offset 
control 
circuit's 
noise 
contribution 
to the amplifier input circuit. First, making the 
resistance 
of Rz a low value minimizes 
the noise directly 
introduced 
by the control 
circuit. 
This reduces 
both the 
thermal noise of the resistor and the noise produced 
by the 
resistor with the amplifier's 
input noise current. A second 
noise reduction results from capacitive 
bypass of the poten- 
tiometer 
output. 
This filters out power 
supply 
noise that 
would otherwise 
couple to the amplifier 
input. 


This filtering 
action would diminish 
as the wiper position 
approaches 
either 
end of the potentiometer 
but practical 
conditions 
prevent 
such settings. 
Over its full adjustment 
range, 
the offset 
control 
circuit 
produces 
a ±5m V offset 
correction for the values shown. However, the VCA610 only 
requires one tenth of this range for offset correction, 
assur- 
ing that the potentiometer 
wiper will always 
be near the 
potentiometer 
center. With this setting, the resistance seen at 
the wiper 
remains 
high 
and 
this 
stabilizes 
the filtering 
function. 


GAIN CONTROL 


The VCA610's 
gain is controlled 
by means of a unipolar 
negative voltage applied between ground and the gain con- 
trol input, 
pin 3. If use of the output 
disable 
feature 
is 
required, 
a ground-referenced 
bipolar 
voltage 
is needed. 
Output disable occurs for +O.IV ~ Vc ~ +2V, and produces 
80dB of attenuation. 
The control voltage should be limited 
to +2V in disable mode, and -2V in the gain mode in order 
to prevent saturation 
of internal circuitry. 


Performance 
Curves. This wide bandwidth, 
although useful 
for many applications, 
can allow high frequency 
noise to 
modulate 
the gain control 
input. 
In practice, 
this can be 
easily 
avoided 
by filtering 
the control 
input as shown 
in 
Figure 3b. Rp should be no greater than lOOn so as not to 
introduce 
gain errors by interacting 
with the gain control's 
input bias current of 21JA. 


INPUT PROTECTION 


Electrostatic 
damage 
(ESD) has been well recognized 
for 
MOSFET 
devices, but any semiconductor 
device deserves 
protection 
from 
this 
potentially 
damaging 
source. 
The 
VCA610 
incorporates 
on-chip 
ESD protection 
diodes 
as 
shown in Figure 4. This eliminates 
the need for the user to 
add external protection 
diodes, which can add capacitance 
and degrade AC performance. 


ESD Protection 
diodes internally 
+Vs 
connected 
to all pins. 


~----------- 


All pins on the VCA610 are internally protected 
from ESD 
by means of a pair of back-to-back 
reverse-biased 
diodes to 
either power supply as shown. These diodes will begin to 
conduct when the pin voltage exceeds either power supply 
by about O.7V. This situation 
can occur with loss of the 
amplifier's 
power 
supplies 
while 
a signal 
source 
is still 
present. 
The diodes 
can typically 
withstand 
a continuous 
current of 30mA without destruction. 
To insure long term 
reliability, however, diode current should be externally 
lim- 
ited to IOmA whenever 
possible. 


The internal 
protection 
diodes 
are designed 
to withstand 
2.5kV (using Human Body Model) and provides 
adequate 
ESD protection 
for most normal handling procedures. 
How- 
ever, static protection 
is strongly recommended 
since static 
damage 
can cause subtle changes 
in amplifier 
operational 
characteristics 
without necessarily 
destroying 
the device. 


Demonstration 
boards to speed prototyping 
are available. 
Request DEM-VCA610AP-C 
for 8-pin DIP. 


The electronically 
variable gain of the VCA610 suits pulse- 
echo imaging systems well. Such applications 
include medi- 
cal imaging, non-destructive 
structural inspection and sonar. 


nential amplifiers. 
The discussions 
below present examples 
of these applications. 


ULTRASOUND 
TGC AMPLIFIER 


The 
Figure 
5 block 
diagram 
illustrates 
the fundamental 
configuration 
common 
to pulse-echo 
imaging 
systems. 
A 
piezoelectric 
crystal 
serves 
as both 
the ultrasonic 
pulse 
generator 
and the echo 
monitor 
transducer. 
A transmit! 
receive (TIR) switch isolates the monitor amplifier from the 
crystal during the pulse generation cycle and, then, connects 
the amplifier 
to the crystal during the echo monitor cycle. 


vc 


V~T,ansmij 
C 
I. Receive. 


,--, 
t 


-2: --, -- '' 
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During the monitor (receive) cycle, the control voltage Vc, 
varies the amplifier gain. The gain is varied for three basic 
signal processing 
requirements 
of a transducer 
array based 
bearnformer: 
compensation 
for depth 
attenuation 
effects, 


sometimes called Time Gain Compensation 
(TGC); receive 
apodization 
or windowing 
for reducing 
side lobe energy; 


and dynamic aperture sizing for better near field resolution. 


Time gain compensation 
increases 
the amplifier's 
gain as 
the ultrasound signal moves through the material to compen- 
sate for signal attenuation 
versus material 
depth. For this 
purpose, a ramp signal applied to the VCA610 gain control 
input linearly 
increases 
the dB gain of the VCA610 
with 
time. 
The 
gain 
control 
provides 
signal 
apodization 
or 
windowing 
with transducer 
arrays connected 
to amplifier 
arrays. 
Selective 
weighting 
of amplifier 
gains 
across 
the 
transducer 
aperture 
suppresses 
side 
lobe 
effects 
in the 
bearnformer 
output 
to reduce 
image 
artifacts. 
Gain con- 
trolled attenuation 
or disabling the amplifier can be used to 
dynamically 
size the array aperture 
for better 
near field 
resolution. 
The controlled 
attenuation 
of the VCA610 mini- 
mizes switching 
artifacts 
and eliminates 
the bright radial 
rings that can result. The VCA6lO's 
80dE gain range ac- 
commodates 
these functions. 


WIDE-RANGE 
LOW-NOISE 
VCA 


Figure 6 combines 
two VCA6lOs 
in series, extending 
the 
overall gain range and improving 
noise performance. 
This 
combination 
produces 
a gain equal to the sum of the two 
amplifier's 
logarithmic 
gains 
for a composite 
range 
of 
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-SOdB to +SOdB. Simply 
connecting 
VCI and Vcz to the 
same 0 to -2V gain control voltage can produce this range, 
however, 
separate 
control 
voltages 
for the two amplifiers 
offer a noise performance 
improvement. 
In that configura- 
tion, each amplifier 
separately 
controls 
one half the gain 
range in a manner 
that always holds G1 at the maximum 
level possible. 


GAIN 


~OdBloOdB 
OdB 1080dB 


vc, 
Oto-2V 
-2V 


G, 
-40dB 
10+'IOdB 
+40dB 


Va! 
OV 
o 10-2V 


G, 
-40dB 
-40dB 
to +40dB 


FIGURE 
6. Two Series Connected 
VCA610s 
Expand 
the 
Gain Range and Improve Noise Performance. 


At higher gains, variation of Vcz alone makes VCAz provide 
all of the gain control, leaving the gain of VCAI fixed at its 
maximum 
of 40dB. This gain maximum 
corresponds 
to the 
maximum bias currents in VCAI' minimizing this amplifier's 
noise. Thus, for composite 
circuit gains of OdB to +SOdB, 


VCAI serves as a low-noise, 
fixed-gain 
preamp. 


For lower composite 
gains, VCAI provides the gain control 
and VCAz acts as a fixed attenuator. There, variation of VCI 
varies G1 from --40dB to +40dB while Vcz remains fixed at 
OV for Gz = --40dB. This mode produces the -SOdB to OdB 
segment of the composite 
gain range. 


The voltage-controlled 
gain feature of the VCA610 
makes 
this amplifier 
ideal for precision 
AGC 
applications 
with 
control ranges as large as 60dB. The AGC circuit of Figure 
7 adds an op amp and diode 
for amplitude 
detection, 
a 
holding capacitor 
to store the control voltage and resistors 
0,... 
R1 through 
R3 that determine 
attack 
and release 
times. 
CD 
Resistor 
~ 
and capacitor 
Cc phase compensate 
the AGC 
<C 
feedback loop. The op amp compares 
the positive peaks of 0 
output V0 with a DC reference voltage VR. Whenever 
a Vo > 
peak exceeds VR, the OPA620 output swings positive, 
for- 
ward biasing the diode and charging 
the holding capacitor." 
This drives 
the capacitor 
voltage 
in a positive 
direction, ~ 
reducing the amplifier gain. R3 and the CH largely determine 
the attack time of this AGC correction. 
ena: 
wu: 
::::i 
Q. 
:=< 
..J< 
Zo 


~a: 
w 
Q.o 


FIGURE 7. This AGC Circuit Maintains 
a Constant Output 
Amplitude 
for a 1000: I Input Range. 


Between gain corrections, 
resistor R1 charges the capacitor 
in a negative direction, increasing 
the amplifier gain. R1, Rz 
and CH determine the release time of this action. Resistor Rz 
forms 
a voltage 
divider 
with R1, limiting 
the maximum 
negative voltage developed on CH. This limit prevents input 
overload 
of the VCA61O's 
gain control circuit. 


f"" 
1/2rtRw,CW1 


Rw1=Rw2 
CW1=CW2 
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STABILIZED 
WEIN-BRIDGE 
OSCILLATOR 


Adding Wein-bridge 
feedback 
to the above AGC amplifier 
produces 
an 
amplitude-stabilized 
oscillator. 
Shown 
in 
Figure 
8, this alternative 
requires 
the addition 
of just two 
resistors 
(RW1' Rw~ and two capacitors 
(CW1' Cw~· 


Connecting 
the 
feedback 
network 
to 
the 
amplifier's 
noninverting 
input introduces 
positive 
feedback 
to induce 
oscillation. The feedback factor displays a frequency depen- 
dence due to the changing impedances 
of the Cw capacitors. 
As frequency 
increases, 
the decreasing 
impedance 
of the 
CW2 increases 
the feedback factor. Simultaneously, 
the de- 
creasing impedance 
of the CW1 decreases 
this factor. 


Analysis 
shows 
that the maximum 
factor 
occurs 
at f = 
ll21tRwCw, making 
this the frequency 
most conducive 
to 
oscillation. 
At this frequency 
the impedance 
magnitude 
of 
Cw equals Rw and inspection 
of the circuit shows that this 
condition 
produces 
a feedback 
factor 
of 113. Thus, 
self- 
sustaining 
oscillation 
requires 
a gain of three through 
the 
amplifier. 
The AGC 
circuitry 
establishes 
this gain level. 


Following 
initial 
circuit 
turn on, R1 begins 
charging 
CH 
negative, 
increasing 
the amplifier 
gain from its minimum. 
When 
this gain reaches 
three, 
oscillation 
begins 
at f = 
1121tRwCw and R1's continued 
charging 
effect makes the 
oscillation 
amplitude grow. This growth continues until that 
amplitude reaches a peak value equal to VR' Then, the AGC 
circuit counteracts 
the R1 effect, controlling 
the peak ampli- 
tude at VR by holding the amplifier gain at a level of three. 
Making 
VR an AC signal, 
rather 
than 
a DC reference, 
produces 
amplitude 
modulation 
of the oscillator 
output. 


LOW-DRIFT 
WIDE BAND LOG AMP 


The VCA610 can be used to provide a 250kHz (-3dB) 
log 
amp with low offset voltage and low gain drift. 


The exponential 
gain control characteristic 
of the VCA610 
permits 
simple 
generation 
of a temperature-compensated 
logarithmic 
response. Enclosing 
the exponential 
function in 
an op amp feedback path inverts this function, producing the 
log response. 
Figure 9 shows the practical 
implementation 
of this technique. 
A DC reference 
voltage, 
VR' sets the 
VCA610 inverting input voltage. This makes the amplifier's 
output voltage VOA= - GV R where G = 10 -2(Ve + 1). 


A second input voltage also influences 
VOAthrough control 
of gain G. The feedback 
op amp forces VOA to equal the 
input voltage VINconnected 
at the op amp inverting input. 


Any difference 
between these two signals drops across R3, 


producing 
a feedback current that charges Ce. The resulting 
change in VOL adjusts the gain of the VCA610 
to change 
VOA-At equilibrium, 
VOA= VIN = -VRIO -2(Ve +1). The op 
amp 
forces 
this 
equality 
by supplying 
the gain 
control 
voltage 
Ve = R1 VOLI(R1 + R2)· Combining 
the last two 
expressions 
and solving for VOLyields the circuit's 
logarith- 
mic response. 


Examination 
of this result illustrates 
several circuit charac- 
teristics. 
First, 
the argument 
of the Log term, -VINNR, 


reveals an option and a constraint. In Figure 9, VRrepresents 
a DC reference 
voltage. Optionally, 
making this voltage a 
second signal produces 
log-ratio operation. 
Either way, the 
Log term's argument constrains the polarities ofVR and VIN. 
These two voltages must be of opposite polarities 
to ensure 
a positive argument. This polarity combination 
results when 
VR connects 
to the inverting 
input of the VCA61O. Alter- 
nately, switching 
VR to this amplifier's 
noninverting 
input 
removes 
the minus sign of the log term's 
argument. 
Then, 
both voltages 
must be of the same polarity 
to produce 
a 
positive 
argument. 
In either case, the positive 
polarity 
re- 
quirement 
of the argument restricts VINto a unipolar range. 


The above VOLexpression 
reflects a circuit gain introduced 
by the presence of R 1 and R2. This feature adds a convenient 
scaling control 
to the circuit. 
However, 
a practical 
matter 
sets a minimum 
level for this gain. The voltage 
divider 
formed by R I and R2 attenuates 
the voltage supplied to the 
Ve terminal by the op amp. This attenuation 
must be great 
enough to prevent any possibility 
of an overload voltage at 
the Ve terminal. 
Such an overload 
saturates the VCA61O's 
gain control circuitry, reducing the amplifier's 
gain. For the 
feedback 
connection 
of Figure 
9, this overload 
condition 
permits a circuit latch. To prevent this, choose R I and R2 to 
ensure that the op amp can not possibly 
deliver more than 
2.5V to the Ve terminal. 


FIGURE 9. Driving the Gain Control Pin of the VCA610with 
a Feedback Amplifier 
Produces a Temperature- 
Compensated 
Log Response. 


LOW-DRIFT 
WIDE BAND EXPONENTIAL 
AMP 


A common 
use of the Log 
amp 
above 
involves 
signal 
companding. 
The inverse 
function, 
signal 
expanding, 
re- 
quires an exponential 
transfer function. 
The VCA610 
pro- 
duces this latter response directly as shown in Figure 10. DC 
reference VR again sets the amplifier's 
input voltage and the 
input signal VINnow drives the gain control point. Resistors 
R1 and R2 attenuate 
this drive to prevent 
overloading 
the 
gain control input. Setting these resistors at the same values 
as in the preceding Log amp produces an exponential 
ampli- 
fier with the inverse function 
of the Log amp. 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products 
1E3E31 


FIGURE 
10. Signal Drive of the VCA6l0 
Gain Control Pin 
Produces 
and Exponential 
Response, 
Re-ex- 
panding Signal Companded 
by Figure 9. 


VOLTAGE-CONTROLLED 
LOW-PASS 
FILTER 


In the circuit 
of Figure 
11, the VCA610 
serves 
as the 
variable gain element of a voltage-controlled 
low-pass filter. 


As will be described, this implementation expands the circuit's 
voltage swing capability 
over that normally 
achieved 
with 


the equivalent 
multiplier 
implementation. 
The circuit's 
re- 


sponse pole responds to control voltage Vc according to the 
relationship 
fp = GI2~C 
where G = 10-' 
(Ve + '). With the 
components 
shown, the circuit provides a linear variation of 
the low-pass cutoff from 300Hz to lMHz. 


FIGURE 
11. This Voltage-Tuneable 
Low-Pass 
Filter Pro- 
duces 
a Variable 
Cutoff 
Frequency 
with a 
3,000: I Range. 


The response control results from amplification 
of the feed- 
back voltage applied to R,. Consider first the case where the 
VCA610 
produces 
G = 1. Then, the circuit performs 
as if 
this amplifier 
were replaced 
by a short circuit. 
Visually 
doing so leaves a simple voltage amplifier with a feedback 
resistor bypassed by a capacitor. This basic circuit produces 
a response 
pole at fp = l/21tR,C. 


For 
G > 
1, the circuit 
applies 
a greater 
voltage 
to R" 


increasing 
the feedback current this resistor supplies to the 
summing junction 
of the OPA620. The increased 
feedback 
current produces the same result as if R, had been decreased 
in value in the basic circuit described above. Decreasing 
the 
effective 
R, resistance 
moves the circuit's 
pole to a higher 
frequency, 
producing 
the fp = GI21tR,C response 
control. 


Finite loop gain and a signal swing limitation 
set perfor- 
mance 
boundaries 
for the circuit. 
Both limitations 
occur 
when 
the 
VCA6l0 
attenuates 
rather 
than 
amplifies 
the 
feedback 
signal. These two limitations 
reduce the circuit's 
utility at the lower extreme of the VCA61O's gain range. For 
-I :s; Vc :s; 0, this amplifier produces attenuating 
gains in the 
range from OdB to --40dB. This directly reduces the net gain 
in the circuit's 
feedback 
loop, increasing 
gain error effects. 


Also, this attenuation 
transfers 
an output 
swing limitation 
from the OPA620 output to the overall circuit's 
output. Note 
that OP A620 output voltage, VOA' relates to V 0 through the 
expression 
V0 = GVOA' 
Thus, a G < 1 limits the maximum" 


V 0 swing to a value less than the maximum 
V OA swing. 
•• 


However, 
the circuit shown provides 
greater output swing 


than the more common multiplier implementation. 
The latter 
replaces the VCA610 of the figure with an analog multiplier 
having a response of V0 = XY 110. Then, X = VOA and Y = 
Vc' making the circuit output voltage Vo = VOA VdlO. Thus, 
the multiplier implementation 
amplifies V OA by a gain of Vd 
10. Circuit constraints require that Vc :s; 10, making this gain 


:s; 1. Thus, the multiplier performs only as a variable attenu- 
ator 
and never 
provides 
amplification. 
As 
a result, 
the 
voltage 
swing 
limitation 
of VOA restricts 
the V0 
swing 
throughout most of the circuit's control range. Replacing the 
multiplier with the VCA610 shown permits equivalent gains 
greater> 
1. Then, operating 
the VCA610 
with gains in the 
range of one to 100 avoids the reduction 
in output 
swing 
capability. 


VOLTAGE-CONTROLLED 
HIGH-PASS 
FILTER 


A circuit analogous 
to the above low-pass filter produces 
a 
voltage-controlled 
high-pass response. The gain control pro- 
vided by the VCA6l0 
of Figure 
12 varies 
this circuit's 


response zero from 1Hz to 10kHz according to the relation- 
ship Fz = l/21tGR,C where G = 10 -2(Ve + '). 


R, 
R, 


v, 


33k!l 
33k!l 


VOA 
G 
R, 


O.047~F 
33il 


For R3 « 
GR1 
and f « 
1/21tR3Cs, 


'?- = - -!? 
(1 + GR,Gs), 
fz = 1I2nGR,G 
I 
1 
where 
G = 10-2(Vc• 
1) 


FIGURE 
12. A Voltage-Tunable 
High-Pass 
Filter 
Pro- 


duces a Response 
Zero Variable 
from 1Hz to 


10kHz. 
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and R, with short circuits. First consider the case where the 
VCA610 produces G = 1. Then, replacing this amplifier with 
short circuit leaves the operation unchanged. 
In this shorted 


state, the circuit is simply a voltage amplifier with an R-C 
bypass around R,. The resistance 
of this bypass, RJ, serves 
only to phase compensate 
the circuit and practical 
factors 
make R, « 
R,. Neglecting 
R, for the moment, 
the circuit 
becomes just a voltage amplifier 
with capacitive 
bypass of 
R,. This circuit produces 
a response 
zero at fz = 1I21tR,C. 


Adding the VCA610 as shown permits amplification 
of the 


signal applied to capacitor 
C and produces 
voltage control 
of the frequency 
fz' Amplified 
signal 
voltage 
on C in- 


creases the signal current conducted 
by the capacitor 
to the 


op amp feedback 
network. 
The result is the same as if C 
had been increased 
in value to Gc. 
Replacing 
C with this 


effective 
capacitance 
value produces 
the circuit's 
control 


expression 
fz = 1I2nR, Gc. 


Two factors 
limjt the high-frequency 
performance 
of the 


resulting 
high-pass 
filter. The finite bandwidth 
of the op 


amp and the circuit's 
phase compensation 
produce response 
poles. These limit the frequency 
duration 
of the high-pass 
response. 
Selecting 
the R, phase 
compensation 
with the 
equation R, = .y(R1I21tfcC) assures stability for all values of 
G and sets the circuit's 
bandwidth 
at BW = .y(fd21tR,C). 
Here, fc is the unity-gain 
crossover frequency 
of the op amp 
used. With the components 
shown, 
BW = 100kHz. 
This 


bandwidth 
provides 
a high-pass 
response 
duration 
of five 
decades of frequency 
for fz = 1Hz, dropping to one decade 


for fz = 10kHz. 


The output voltage limit of the VCA610 
imposes 
an input 


voltage limit for the filter. The expression VOA= GV, relates 
these 
two voltages. 
Thus, 
an output 
voltage 
limit 
VOAL 


constrains 
the input voltage to V, ~ VOA/G. 


------ 
- 
-------- 
0----- ----- 
.--- 
---- 
-----c;:>--- 


over the center frequency 
of a band-pass 
filter. Shown in 
Figure 13, this filter follows from the state-variable 
configu- 
ration with the VCA610 
replacing 
the inverter common 
to 
that configuration. 
Variation of the VCA610 gain moves the 
filter's center frequency through a 100: I range following the 
relationship 
fo = [10 -(Ve + ') jl21tRC. 


As before, variable gain controls 
a circuit time constant 
to 
vary the filter response. 
The gain of the VCA610 
amplifies 
or attenuates 
the signal driving the lower integrator 
of the 
circuit. This alters the effective resistance 
of the integrator 
time constant producing 
the response 


:!..sL 
-s/nR C 


V, 
S2+ s/nRC + GIR'C2 


Evaluation of this response equation reveals a passband gain 
of Ao = -I, a bandwidth 
ofBW = 1I21tnRC and a selectivity 
of Q = nlO -(ve+ I). Note that variation of control voltage Vc 
alters Q but not bandwidth. 


The gain provided by the VCA610 restricts the output swing 
of the filter. Output signal V0 must be constrained 
to a level 
that does not drive the VCA610 output, VOMinto its satura- 
tion limit. Note that these two outputs have voltage swings 
related by VOA= GVo' Thus, a swing limit VOALimposes 
a 


circuit output limit of VOL~ VoAL/G. 


::!JJ.. _ 
-slnRC 


VI 
- 
52 + sJnRC + GlR2C2 


10 -<Vc+ 
1) 


fo= 
2.RC 


BW=--'- 
2.nRC 


Q",n10-{Vc 
.•.l) 


FIGURE 
13. Adding the VCA61 0 to a State- Variable 
Filter Produces 
a Voltage-Controlled 
BandPass 
Filter With a Center 
Frequency 
Variable 
Over a 100:1 Range. 
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3 Power Operational Amplifiers 


Burr-Brown power amplifiers are designed for 
high output voltage and/or high output current. 
Versatile power operational amplifiers can be used 
in virtually any op amp circuit configuration, yet 
can supply up to ±15A load current or ±140V 
output voltage. 


Buffer amplifiers can be used with common op 
amps to drive long lines or heavy loads such as 
valves, voice-coils and actuators. 


Choose from a wide variety of power amp types, 
including: 


BUF634-250mA, 
2000V//lS 
buffer amp. 
Used 
with a common op amp, this buffer amp boosts 
output current to 250mA and increases capacitive 
load drive capability. Versatile and rugged, it's 
available in SO-8, 8-pin DIP and 5-pin TO-220 
packages. 


OPA541-This 
monolithic power op amp deliv- 
ers output current up to ±5A and operates from 
power supplies up to ±40V. Available in low cost 
plastic power SIP and hermetic 8-pin TO-3 pack- 
ages. 


OPA502-±lOA 
output from ±40V supplies high- 
light this rugged performer. Ideal for program- 
mable power sources, motor drivers, or even high 
performance audio amplifiers. 


OPA544F-A 
new high-voltage/high-current 
op 
amp available in a surface-mount power package 
that solders flat on a circuit board for low profile, 
high density applications. Specifications include 
2A output current, ±lOV to ±35V power supply 
range, and lOOpAmax input bias current. It is alsa 
available in a 5-lead TO-220 plastic package. 


OPA2544-This 
new dual version of the OPA544 
tJ) 
packs two powerful amps in a single ll-lead 
a: 
plastic package that saves board space and reduces 
W 
cost. It provides output of 2A, its power supply 
u:: 
range extends to ±35V, and is designed to drive a :J 
wide variety of electro-mechanical devices. 
a.:E 
3583-Power 
supply voltages up to ±150V and 
<c 
output current to 75mA suit many programmable 
..J 
VII source or high voltage transducer applications. 
<C 


3584-Power 
supplies to ±150V and slew rates to 
~ 
150V//lS 
are ideal for piezoelectric 
transducers 
- 
and electrostatic deflection circuitry. 
!;;( 


Other products provide special features and per- a: 
W 
formance. 
Use our detailed selection guide to a. 


locate the power amp for your application. 
0 
a: 
W 
3=oa. 
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Power Operational 
Amplifiers 


POWER OPERATIONAL AMPLIFIERS 


0.:- 


I 


High Current 
High Voltage 
High Speed Buffers 
(output 
Current, 
max) 
(Output Swing, max) 
(GBW, typ) 


OPA512 
(±15A) 


OPA501 
(±1OA) 


OPA502 
(±1OA) 


OPA511 
(±5A) 


OPA541 
(±5A) 


OPA2541 
(±5A, Dual) 


OPA544 
(±2A) 


OPA2544 (±2A, Dual) 


3573 
(±2A) 


OPA654 
(±200mA) 


OPA633 
(±80mA) 


3582 
(±145V) 


3584 
(±145V) 


3583 
(±140V) 


3581 
(±70V) 


OPA445 (±35V) 


3580 
(±30V) 


BUF601 (900MHz) 


OPA660 (850M Hz) 


BUF600 (650MHz) 


OPA633 (260M Hz) 


BUF634 (180MHz) 


• DENOTES 
TYPICAL 


BOLD DENOTES 
NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


I 


POWER· HIGH CURRENT 


ml 
Rated 
Offset 
Offset 
Bias 
Small Signal 


~ 


Output 
Rated 
Voltage 
Voltage 
Current 
Unity Gain 
Open 
Current 
Supply 
25°C 
Drift 
25°C 
Bandwidth 
Slew Rate 
Loop 


a 
mln 
max 
max 
max 
max 
typ 
min 
Gain 
Temp 


0:1 
Product 
(±mA) 
(tV) 
(±mV) 
(±!LvrC) 
(pA) 
(MHz) 
(VlJ.lS) 
(dB) 
Range(') 
Pkg 
Description 


;:: 
OPA501 
lOA 
34 
5 
40 
20nA 
1 
1.35 
9B 
Ind 
TO-3 
High Current 
...• 
? 
OPA502 
lOA 
45 
5 
5" 
200 
2 
10 
103 
XlndlMil 
TO-3 
High Current 
0:1 
OPA511 
5A 
22 
10 
65 
40nA 
1 
1 
91 
Ind 
TO-3 
High Current, Still Available 
Cl 
OPA512BM 
lOA 
45 
6 
65 
30nA 
4 
2.5 
110 
Ind 
TO-3 
High Current 
;t 
;:s 
OPA512SM 
15A 
45 
3 
40 
20nA 
4 
2.5 
110 
Mil 
TO-3 
(::; 
OPA541BM 
5A 
40 
1 
30 
50 
1.6 
6 
90 
IndiMil 
TO-3 
Current 
OPA541AM 
5A 
35 
10 
40 
50 
1.6 
6 
90 
Ind 
Power Plastic 
tl 
OPA544 
2A 
35 
5 
10" 
100 
1.4 
B 
90 
Xlnd 
5-Pin TO-220 
l:l~ 
OPA547 
500" 
35 
5 
10" 
1000nA 
1 
10" 
90 
Xlnd 
10-220, DDPAK 
High Voltage and High Current 


0:1 
OPA548 
3A" 
35 
5 
10" 
1000nA 
1 
10" 
90 
Xlnd 
10-220, DDPAK 
High Voltage and High Current 
C 
OPA654 
200" 
lB 
3 
40" 
50 
32 
750 
94 
Ind 
TO-3 
Wideband 
C..,. 
OPA2541 
5A 
40 
1 
30 
50 
1.6 
6 
90 
IndiMii 
TO-3 
Dual 
~ 
OPA2544, 
2A 
35 
5 
10· 
50 
1.4 
5 
90 
XlndIMlI 
TO-3, 11·Pin Plastic 
Dual 
5' 
3573 
2A(3) 
20 
10 
65 
40nA 
1 
2.6 
94 
Ind 
TO-3 
Still Available 


'" 
NOTES:(1)Com= O°Cto .70°C, Ind= -2S0Cto .8SoC,Xlnd= -40°C to .8SoC,Mil= -SsoCto .12SoC.(2)Gain-bandwidthproduct.(3)SApeak. 
l:l...• 


"'tj 


Cl 
l:>... 
;:: 


""~ 


" DENOTESTYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


Some 
specifications 
have been estimated 
for comparison 


POWER OPERATIONAL AMPLIFIERS I''~"-'''''''''"~- 
,.....,." 


v." 
Rated 
Offset 
Offset 
Bias 
Unity 
POWER· HIGH VOLTA 
~ 
Output 
Rated 
Voltage 
Voltage 
Current 
Gain 
Slew 
Open 
Current 
Supply 
25°C 
Drift 
25°C 
Bandwidth 
Rate 
Loop 
mln 
max 
max 
max 
max 
typ 
mln 
Gain 
Temp 
Product 
(:!:mA) 
(±V) 
(:!:mV) 
(±!NrC) 
(pA) 
(MHz) 
(VIlIS) 
(dB) 
Range!') 
Pkg 
Description 


OPA445 
15 
35 
3 
10' 
50 
2 
5 
100 
Ind/Mil 
TO-99,DIP 
OPA547 
3A' 
35 
5 
10' 
1000nA 
1 
10' 
90 
Xlnd 
ro-220, 
DDPAK 
High Current and High Voll 
OPA548 
500' 
35 
5 
10' 
1000nA 
1 
10' 
90 
Xlnd 
ro-220, 
DDPAK 
High Current and High Vall 


3580 
60 
30 
10 
30 
50 
5 
15 
106 
Com 
TO-3 
Still Available 
3581 
30 
70 
3 
25 
20 
5 
20 
112 
Com 
TO-3 
Still Available 
3582 
15 
145 
3 
25 
20 
5 
20 
118 
Com 
TO-3 
Still Available 
3583 
75 
140 
3 
23 
20 
5 
30' 
118 
Com/lnd 
TO-3 
3584 
15 
145 
3 
25 
20 
20(2) 
150' 
120 
Com 
TO-3 


NOTES:(1)Com= O'Cto +70'C, Ind= -2S'C to +BS'C,Xlnd= -40'C to +BS'C,Mil= -SS'C to +12S'C.(2)Gain-bandwidthprodUct. 


Rated 
Rated 
Current 
Voltage 
Output 
Output 
mln 
mln 
Product 
(:!:mA) 
(±V) 


BUF600 
20 
2.5 
BUF601 
20 
2.5 
BUF634 
250' 
10 
OPA633 
80 
11 
OPA660 
10 
3.7 
NOTES:(1) Ind= -2S'C to +BS'C,Xlnd_ -40'C to +BS'C. 


Small 
Full 
Slew 
Input 
POWER· HIGH SPEED BUFFI 


Signal 
Power 
Rate 
Impedance 
Bandwidth 
Bandwidth 
typ 
typ 
Temp 
(MHz) 
(MHz) 
(VIlIS) 
(QllpF) 
Rangel') 
Pkg 
Description 


650 
320 
3400 
4.8M/1 
Xlnd 
DIP, SOIC 
High Slew Rate, Open Loop 
900 
320 
3600 
2.5M/1 
Xlnd 
DIP, SOIC 
High Slew Rate, Open Loop 
180 
NS 
2000 
8M/8 
Ind 
DIP, SOIC, TO-220 
Low Cost, Open Loop 
260 
40 
2500 
1.5M/1.6 
Ind 
DIP 
Low Cost, Open Loop 


850 
570 
3000 
1M/2.1 
Xlnd 
DIP, SOIC 
Transconductance Amp and Bu 


• DENOTESTYPICAL 
BOLDDENOTESNEWPRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOP~ 


BURR - BROWN® 
IEEl EEl I 
BUF600 
BUF601 


• 
OPEN-LOOP 
BUFFER 


• 
HIGH-SLEW 
RATE: 3600V//lS, 5.0Vp-p 


• 
BANDWIDTH: 
320MHz, 5.0Vp-p 
900MHz, O.2Vp-p 


• 
LOW INPUT BIAS CURRENT: 
O.7J.1A11.5JlA 


• 
LOW QUIESCENT 
CURRENT: 
3mA/6mA 


• 
GAIN FLATNESS: 
O.1dB, 0 to 300MHz 


The BUF600 
and BUF601 
are monolithic 
open-loop 
unity-gain 
buffer amplifiers 
with a high symmetrical 
slew rate of up to 3600V /~ 
and a very wide band- 
width of 320MHz at SVp-p output swing. They use a 
complementary 
bipolar 
Ie 
process, 
which 
incorpo- 
rates pn-junction 
isolated 
high-frequency 
NPN 
and 
PNP transistors to achieve high-frequency 
performance 
previously 
unattainable 
with conventional 
integrated 
circuit technology. 


Their unique design offers a high-performance 
alter- 
native to expensive 
discrete or hybrid solutions. 


The 
BUF600 
and 
BUF601 
feature 
low 
quiescent 
current, low input bias current, small signal delay time 
and phase shift, and low differential 
gain and phase 
errors. 


The BUF600 
with 3mA quiescent 
current 
is well- 


suited 
for 
operation 
between 
high-frequency 
processing 
stages. It demonstrates 
outstanding 
perfor- 


mance even in feedback loops of wide-band amplifiers 
or phase-locked 
loop systems. 


• 
VIDEO BUFFER/LINE 
DRIVER 


• 
INPUT/OUTPUT 
AMPLIFIER 
FOR 
MEASUREMENT 
EQUIPMENT 


• 
PORTABLE 
SYSTEMS 


• 
TRANSMISSION 
SYSTEMS 


• 
TELECOMMUNICATIONS 


• 
HIGH-SPEED 
ANALOG 
SIGNAL 
PROCESSING 


• 
ULTRASOUND 


The BUF601 
with 6mA quiescent 
current and there- 
fore lower 
output 
impedance 
can easily 
drive son 
inputs or 7Sn 
systems and cables. 


The broad 
range of analog 
and digital 
applications 


extends from decoupling 
of signal processing 
stages, 


impedance 
transformation, 
and input amplifiers 
for 


RF equipment 
and ATE systems 
to video systems, 


distribution 
fields, 
IF/communications 
systems, 
and 
output drivers for graphic cards. 


BURR-BROWN_ 
IElElI 
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SPECIFICATIONS 


BUF600AP. 
AU 
BUF601AP. 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET 
VOLTAGE 
Initial 
±15 
±30 
±15 
±30 
mV 


vs Temperature 
9 
25 
j!vrc 


YS Supply (tracking) 
Vrx; : ±4.5V to ±5.5V 
-54 
-72 
-54 
-n 
dB 


YS Supply (non-tracking) 
Vrx; = +4.5V to +5.5V 
-1;5 
-55 
dB 


YS Supply (non-tracking) 
Vrx; = -4.5V 
to -5.5V 
-54 
-54 
dB 


INPUT BIAS CURRENT 


Initial 
+3.5 
-2.51+5 
+3.5 
-&+10 
j!A 


vs Temperature 
0.4 
0.7 
nArC 


YS Supply (tracking) 
Vrx; = ±4.5V to ±5.5V 
0.15 
0.3 
v.AN 


YS Supply (non-tracking) 
Vcc: 
+4.5V to +5.5V 
0.5 
0.5 
v.AN 


YS Supply (non-tracking) 
Vcc : -4.5V 
to -5.5V 
20 
20 
nAN 


INPUT IMPEDANCE 
4.8111 
2.5111 
MO II pF 


INPUT NOISE 
Voltage Noise Density 
f : 
100kHz to 100MHz 
5.2 
4.8 
nV/'I'Hz 


Signal-la-Noise 
Ratio 
SIN - 20 Log (0.7/(Vn 
• .J5MHz») 
95 
96 
dB 


TRANSFER 
CHARACTERISTICS 
Voltage Gain; Vr• = ±2.5V 


RLOAD"" 
1000 
0.95 
VN 


RLOAD: 2000 
0.96 
VN 


RLOAD 
"" 1Ok!): 
0.99 
0.99 
VN 


RATED OUTPUT 
Voltage Output 
Vr.: 
±2.7V 
RLOAD"" 
loon 
, 
±2.5 
±2.6 
V 


RLom: 
2000 
±2.5 
±2.6 
V 


DC Current Output 
DC, RLOAD: 
1000 
±20 
Z±20 
mA 


Output Impedance 
6.2 
3.6 
0 


POWER SUPPLY 
Rated Vohage 
±5 
±5 
V 


Derated 
Perlormar.ce 
±4.5 
±5.5 
±4.5 
±5.5 
V 


Quiescent 
Current 
±2.6 
±3 
±3.4 
±5.4 
±B 
±B.6 
mA 


TEMPERATURE 
RANGE 


Specification 
-40 
85 
-40 
85 
'C 


Storage 
-40 
125 
-40 
125 
'C 


AC SPECIFICATION 


At Vrx;: 
±5V, RLOm = 2000 (BUF600) and 1000 (BUF601), RSOURCE- son, and TAM. - +25·C, unless otherwise noted. 


BUF600AP, 
AU 
I 
BUF601AP. 
AU 


PARAMETER 
CONDITIONS 
MIN 
I 
TYP 
MAX 
I 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
DOMAIN 


LARGE 
SIGNAL 
BANDWIDTH 
Va: 
5Vp-p, COUT- 1pF 
320 
320 
MHz 


(-3dB) 
Va: 
2.8Vp-p, COUT: 
1pF 
400 
400 
MHz 


Va: 
1.4Vp-p, COUT= 1pF 
700 
700 
MHz 


SMALL 
SIGNAL 
BANDWIDTH 
Va: 
0.2Vp-p, COUT: 
1pF 
650 
900 
MHz 


GROUP DELAY 
TIME 
250 
200 
ps 


DIFFERENTIAL 
GAIN 
Vr• : 0.3Vp·p, f : 
4.43MHz 
V: 
0 to 0.7V 
BUF600 RLOAD= 2000 
0.5 
% 


RLOAD"", 
till 
0.075 
% 


BUF601 RLOAD: 
1000 
0.4 
% 


RLOAD= 5000 
0.05 
% 


DIFFERENTIAL 
PHASE 
Vr• : 0.3Vp-p, f : 4.43MHz 
V:OtoO.7V 
BUF600 RLOAO: 2000 
0.02 
Degrees 
RLom - 1kQ 
0.04 
Degrees 
BUF601 RLOm : 
1000 
0.025 
Degrees 


RLOAO- 5000 
0.03 
Degrees 


BURR-BROW'Ne 


Burr Brown Ie Data Book-Linear 
Products 
I~~I 
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AC·SPECIFICATIONS 
(CONT) 


At Vcc = ±5V, RLOAD• 2000 (BUF600) and 1000 (BUF601l, 
RSOURCE = 500, and TAM. = +25'C, 
unless otherwise noted. 


PARAMETER 


HARMONIC 
DISTORTION 
Second Harmonic 
Third Harmonic 
Second Harmonic 
Third Harmonic 
Second Harmonic 
Third Harmonic 


GAIN FLATNESS 
PEAKING 


TIME DOMAIN 


RISE TIME 
10% to 90%, 700ps 
1.4Vp-p Step 
2.8Vp-p Step 
5.0Vp-p Step 


Vo = 1.4Vp-p 
Vo: 
2.8Vp-p 
Vo = 5.0Vp-p 


Power Supply Vo~age... 
.. 
±6V 
Input Voltagel.)...................... 
. ±Vcc ±O.7V 
Operating Temperature 
.. 
-400C to +85'C 


Storage Temperature 
-400C to +125'C 
Junction Temperature 
_._......... 
... +150°C 
Lead Temperature 
(soldering, 
10s) 
+300'C 


NOTE: (1l Inputs are internally diode-clamped 
to ±Vcc. 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


BUF600AP 
Plastic 8-Pin DIP 
-40'C 
to +85'C 
BUF600AU 
SO-8 Surface-Mount 
-40'C 
to +85'C 
BUF601AP 
Plastic 8-Pin DIP 
-40'C 
to +85'C 
BUF601AU 
SD-8 Surface-Mount 
-40'C 
to +85'C 


BUf600AP. 
AU 
BUf601 AP, AU 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


-65 
-65 
dBc 


-64 
-67 
dBc 
,.. 
-51 
-59 
dBc 
0 
-56 
-62 
dBc 
CD 


-43 
-53 
dBc 
(5 
-48 
-54 
dBc 
0 
CD 
0.01 
0.005 
dB 
LL 
0.3 
0.1 
dB 
~ 


5.5 
3.8 
Degrees 
m 


55 
45 
Degrees 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


BUf600AP 
Plastic 8-Pin DIP 
006 


BUf600AU 
SD-8 Surface-Mount 
182 


BUF601AP 
Plastic 8-Pin DIP 
006 


BUf601AU 
SD-8 Surface-Mount 
182 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without 
notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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Analog Input 
Analog Output 
Positive Supply Voltage; typical +SVDC 
Negative Supply Voltage; typical -SVDC 


PAD 
FUNCTION 


1 
Analog Input 
2 
-fJV Supply 
3 
-SV, Output 
4 
Analog Output 
S 
+SV Supply, Output 
6 
+SV Supply 


Substrate 
Bias: Negative 
Supply 
NC: No Connection 
Wire Bonding: 
Gold wire bonding 
is recommended. 


MilS 
(O.OOl"j 
MilLIMETERS 


Die Size 
39x42±S 
0.99 x 1.07 ±0.13 
Die Thickness 
14 ±1 
O.SS ±0.02S 
Minimum 
Pad Size 
4x4 
0.10xO.l0 


Backing: 
Titanium 
0.02 
+O.OS-O.O O.OOOS+0.0013-0.0 
Gold 
0.30 ±O.OS 
0.0076 
±0.0013 


BURR-BROWN~ 


Burr Brown Ie Data Book-Linear 
Products 
• E,II::I' 


vices, 
but any semiconductor 
device 
deserves 
protection 
from this potentially 
damaging 
source. 
The BUF600 
and 
BUF601 incorporate on-chip ESD protection diodes as shown 
in Figure 
I. This eliminates 
the need for the user to add 
external protection 
diodes, which can add capacitance 
and 
degrade AC performance. 


ESD Protection Diodes 


~ 


+vcc 
internally 
connected 
to 


all pins. 


External 
_ _ _ _ 
Internal 


Pin 
Circuitry 


reverse-biased 
diodes to the power supplies as shown. These 
diodes will begin to conduct when the input voltage exceeds 
either power supply by about O.7V. This situation can occur 
with loss of the amplifier's 
power supplies 
while a signal 
source is still present. The diodes can typically withstand 
a 
continuous 
current of 30mA without destruction. 
To insure 
long term reliability, 
however, 
the diode current should be 
externally 
limited to IOmA or so whenever 
possible. 


The internal 
protection 
diodes 
are designed 
to withstand 
2.5kV 
(using the Human 
Body 
Model) 
and will provide 


adequate 
ESD protection 
for most normal handling 
proce- 


dures. However, 
static damage can cause subtle changes in 
amplifier 
input characteristics 
without necessarily 
destroy- 
ing the device. 
In precision 
amplifiers, 
this may cause a~ 
noticeable 
~egradation 
of offset and drift. Therefore, 
static~ 
protection 
IS strongly 
recommended 
when 
handling 
the 
BUF600 
and BUF601. 
ena: 
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TYPICAL PERFORMANCE CURVES (CONT) 


100 


~ 
~ 
ill 
10 
°0 
Z 


<l> 
0>~ 
0> 


Fml 


"\ 


BUFF600 


BUFF601 f-- 


I 


I 
I 
I 
I 
-BUF600- 
RLOAD: 
2000 
--- 


f-- 
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- ../ 
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TYPICAL PERFORMANCE CURVES (CONT) 
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300k 


Vo = 0.2Vp-p BUF600 RLOAD = 200n 


BUF601 RLOAD = loon 
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BUF600 BANDWIDTH 
YS RLOAO 
BUF601 BANDWIDTH 
YS RLOAD 
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TYPICAL PERFORMANCE CURVES (CONT) 


(Full Te,perature 
Range. RLDAD• 
10kn) 


,- 
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"- 
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Input Voltage (V) 


DISCUSSION OF 
PERFORMANCE 


The 
BUF600 
and BUF601 
are fabricated 
using 
a high- 
performance 
complementary 
bipolar 
process, 
which 
provides 
high-frequency 
NPN 
and PNP 
transistors 
with 
gigahertz 
transition 
frequencies 
(fT). Power 
supplies 
are 
rated 
at ±6V 
maximum, 
with the data 
sheet parameters 
specified 
at ±SV supplies. 
The BUF600 
and BUF601 
are 
3-stage open-loop 
buffer amplifiers 
consisting 
of comple- 
mentary 
emitter 
followers 
with a symmetrical 
class 
AB 
Darlington 
output stage. The complementary 
structure pro- 
vides both sink and source current capability independent 
of 
the output voltage, 
while maintaining 
constant 
output and 
input impedances. 
The amplifiers 
use no feedback, 
so their 
low-frequency 
gain is slightly less than unity and somewhat 
dependent 
on loading. The optimized input stage is respon- 
sible for the high slew rate of up to 3600V /~, 
wide large 
signal bandwidth 
of 320MHz, and quiescent current reduc- 
tion 
to ±3mA 
(BUF600) 
and 
±6mA 
(BUF601). 
These 
features yield an excellent large signal bandwidth/quiescent 
current 
ratio of 320MHz, 
SVp-p at 3mA/6mA 
quiescent 
current. The complementary 
emitter followers 
of the input 
stage work with current sources as loads. The internal PT AT 
power 
supply 
controls 
their 
quiescent 
current 
and with 
its temperature 
characteristics 
keeps the transconductance 
of the buffer amplifiers 
constant. The Typical Performance 
Curves 
show 
the 
quiescent 
current 
variation 
versus 
temperature. 


The 
cross 
current 
in the input 
stage 
is kept 
very 
low, 
resulting 
in a low input bias current 
of 0.7lJA1I.SJ.lA and 
high input impedance 
of 4.8Mn 
II IpF/2.SMn 
II IpF. The 
second stage drives the output transistors 
and reduces 
the 
output impedance 
and the feedthrough 
from output to input 
when driving RLC loads. 


The input of the BUF600 
and BUF601 
looks like a high 
resistance 
in parallel 
with a 1pF capacitance. 
The inpur 
characteristics 
change 
very little with output 
loading 
and 
input voltage swing. The BUF600 and BUF601 have excel- 
lent input-to-output 
isolation 
and feature high tolerance 
to 
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variations 
in source impedances. 
A resistor between 
lOOn 
and 2S0n 
in series with the buffer input lead will usually 
eliminate 
oscillation 
problems 
from inductive 
sources such 
as unterrninated 
cables without sacrificing 
speed. 


Another 
excellent 
feature 
is the output-to-input 
isolation 
over a wide frequency 
range. 
This characteristic 
is very 
important 
when the buffer drives different 
equipment 
over 
cables. Often the cable is not perfect or the termination 
is 


incorrect and reflections 
arise that act like a signal source at 
the output of the buffer. 


Open-loop 
devices 
often sacrifice 
linearity 
and introduce 
frequency distortion when driving low load impedance. 
The 
BUF600 and BUF60I, 
however, do not. Their design yields 
low distortion products. The harmonic distortion 
character- 
istics into loads greater than loon 
(BUF60I) 
and greater 
than 200n 
(BUF600) are shown in the Typical Performance 
Curves. 
The 
distortion 
can be improved 
even 
more 
by 
increasing 
the load resistance. 


Differential gain (DO) and differential phase (DP) are among 
the important 
specifications 
for video applications. 
DO is 
defined as the percent change in gain over a specified change 
in output voltage level (OV to 0.7V.) DP is defined as the 
phase 
change 
in degrees 
over 
the same 
output 
voltage 
change. Both DO and DP are specified at the PAL subcarrier 
frequency 
of 4.43MHz. 
The errors for differential 
gain are 
lower than O.S%, while those for differential phase are lower 
than 0.04°. 


With 
its minimum 
20mA 
long-term 
DC 
output 
current 
capability, 
SOmA pulse current, low output impedance 
over 
frequency, and stability to drive capacitive loads, the BUF601 
can drive son 
and 7Sn systems or lines. The BUF600 with 
lower quiescent current and therefore higher output imped- 
ance is well-suited 
primarily 
to interstage 
buffering. 
This 
type of open-loop amplifier is a new and easy-to-use 
step to 
prevent an interaction 
between two points in complex high- 
speed analog circuitry. 
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The buffer outputs are not current-limited 
or protected. If the 
output is shorted to ground, high currents could arise when 
the input voltage is ±3.6V. Momentary 
shorts to ground (a 
few seconds) 
should be avoided 
but are unlikely 
to cause 
permanent 
damage. 


CIRCUIT 
LAYOUT 


The high-frequency 
performance of the BUF600 and BUF601 
can be greatly affected by the physical layout of the printed 
circuit board. The following tips are offered as suggestions, 
not as absolute musts. Oscillations, 
ringing, poor bandwidth 
and settling, and peaking are all typical problems that plague 
high-speed 
components 
when they are used incorrectly. 


• 
Bypass power supplies very close to the device pins. Use 
tantalum chip capacitors 
(approximately 
2.2~; 
a paral- 
lei 470nF ceramic chip capacitor may be added if desired. 
Surface-mount 
types are recommended 
due to their low 
lead inductance. 


• 
PC board traces for power lines should be wide to reduce 
impedance 
or inductance. 


• 
Make short and low inductance 
traces. The entire physi- 
cal circuit should be as small as possible. 


• 
Use a low-impedance 
ground 
plane on the component 
side to ensure 
that low-impedance 
ground 
is available 
throughout 
the layout. 


• 
Do not extend the ground plane under high-impedance 
nodes sensitive to stray capacitances, 
such as the buffer's 
input terminals. 


• 
Sockets are not recommended, 
because they add signifi- 
cant inductance and parasitic capacitance. 
If sockets must 
be used, consider using zero-profile 
solderless 
sockets. 


• 
Use low-inductance 
and surface-mounted 
components. 
Using all surface-mount 
components 
will offer the best 
AC performance. 


• 
A resistor (1000 
to 2500) 
in series with the input of the 
buffers may help to reduce peaking. 


• 
Plug-in prototype 
boards and wire-wrap 
boards will not 
function 
well. A clean 
layout 
using 
RF techniques 
is 
essential-there 
are no shortcuts. 
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The BUF600 and BUF601 provide power gain and isolation 
between 
source 
and load when used as an active 
tap or 
impedance matching device as illustrated in Figure 4. In this 
example, 
there 
is no output 
matching 
path between 
the 
buffer and the 751:2line. Such matching is not needed when 
the distant end of the cable is properly 
terminated, 
since 
there is no reflected 
signal 
when the buffer 
isolates 
the 
source. This technique 
allows the full output voltage of the 
buffer to be applied to the load. 


The most obvious way is to connect the cable directly to the 
output of the buffer. This results in a gain determined 
by the 
buffer output resistance 
and the characteristic 
impedance 
of 
the cable, assuming 
it is properly terminated. 


Double termination 
of a cable is the cleanest way to drive it, 
since reflections are absorbed on both ends of the cable. The 
cable source resistor is equal to the characteristic 
impedance 
less the output resistance 
of the buffer amplifiers. 
The gain 
is --<idB excluding 
of the cable attenuation. 


In this broadcast quality circuit, the OPA623 provides a very 
high input impedance 
so that it may be used with a wide 
variety of signal sources including video DACs, CCD cam- 
eras, video switches or 751:2cables. The OPA623 provides a 
voltage gain of 2.5VN, 
while the potentiometer 
of 2001:2 
allows the overall gain to be adjusted to drive the standard 
signal 
levels 
into the back-terminated 
751:2 cables. 
Back 
matching prevents multiple reflections 
in the event that the 
remote end of the cable is not properly terminated. 
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FIGURE 7. Inside a Feedback Loop of a Voltage Feedback Amplifier (BUF601 and OPA660). 
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• 
HIGH OUTPUT 
CURRENT: 
250mA 


• 
SLEW RATE: 2000VlJ.1s 


• 
PIN-SELECTED 
BANDWIDTH: 


30MHzl180MHz 


• 
LOW QUIESCENT 
CURRENT: 


1.5mA (30M Hz BW) 


• 
WIDE SUPPLY 
RANGE: ±2.25 to ±18V 


• 
INTERNAL 
CURRENT 
LIMIT 


• 
THERMAL 
SHUT-DOWN 


• 
8-PIN DIP, SO-8, 5-PIN TO-220 
PACKAGES 


The BUF634 
is a high speed unity-gain 
open-loop 
buffer recommended 
for a wide range of applications. 
It can be used inside the feedback loop of op amps to 
increase 
output 
current, 
eliminate 
thermal 
feedback 
and improve capacitive 
load drive. 


For low power applications, 
the BUF634 operates on 
I.SmA 
quiescent 
current 
with 
2S0mA 
output 
and 
2000V/llS 
slew 
rate. 
Bandwidth 
is increased 
from 
30MHz to 180MHz by connecting 
pin I to V-. 


Output circuitry is fully protected 
by internal current 
limit and thermal 
shut-down 
making 
it rugged 
and 
easy to use. 


• 
VALVE 
DRIVER 


• 
SOLENOID 
DRIVER 


• 
OP AMP CURRENT 
BOOSTER 


• 
LINE DRIVER 


• 
HEADPHONE 
DRIVER 


• 
VIDEO 
DRIVER 


• 
MOTOR 
DRIVER 


• 
TEST EQUIPMENT 


• 
ATE PIN DRIVER 


The BUF634 is available 
in a variety of packages 
to 
suit mechanical 
and power dissipation 
requirements. 
Types 
include 
8-pin DIP, SO-8 
surface-mount 
and 
S-pin TO-220. 


o 


I I 
I I 
I 
BW 
v- 
v+ 


V1N 
Vo 
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BUF634P, 
U, T 


LOW QUIESCENT 
CURRENT 
MODE 
WIDE BANDWIDTH 
MODE 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage 
t30 
t100 
mV 


V$ Temperature 
Specified Temperature 
Range 
tlOO 
I'VI"C 
~ 
vs Power Supply 
Vs = ±2.25V(2) to t18V 
0.1 
1 
mVN 


Input Bias Current 
V,N·OV 
to.5 
±2 
±5 
t20 
l1A 
M 


Input Impedance 
RL·100n 
80118 
8118 
Mn II pF 
CD 


Noise Voltage 
f. 
10kHz 
4 
nV/,[Hz 
LL 


GAIN 
RL = 1kn, Vo= tlOV 
0.95 
0.99 
VN 
:) 


RL·l00n, 
Vo·tlOV 
0.85 
0.93 
VN 
m 
RL = 67n, 
Va = tlOV 
0.8 
0.9 
VN 


OUTPUT 
Current Output, Continuous 
t250 
mA 
Voltage Output. Positive 
10·10mA 
(V+) -2.1 
(V+) -1.7 
V 
Negative 
10= -lOmA 
(V-) +2.1 
(V-) +1.8 
V 
Positive 
10·100mA 
(V+) -(J 
(V+) -2.4 
V 
CJ) 
Negative 
10• -100mA 
(V-) +4 
(V-) 
+3.5 
V 
a: 
Positive 
10= 150mA 
(V+) -4 
(V+) -2.8 
V 
Negative 
10• -150mA 
(V-) +5 
(V-) +4 
V 
W 
Short-Circuit 
Current 
t350 
t550 
t400 
mA 
u::: 
DYNAMIC 
RESPONSE 
::i 
Bandwidth, 
-3dB 
RL: 
lkn 
30 
180 
MHz 
a. 
RL• 
lOOn 
20 
160 
MHz 
Slew Rate 
20Vp-p, 
RL: 
100n 
2000 
VII's 
~ 
Settling Time. 0.1% 
20V Step, RL: 
100n 
200 
ns 
« 
1% 
20V Step, RL• 
100n 
50 
ns 


Differential 
Gain 
3.58MHz, Vo: 
0.7V, RL• 
150n 
4 
0.4 
% 
a: 
Differential 
Phase 
3.58MHz, Va: 
0.7V, RL• 
150n 
2.5 
0.1 
. 
W 
POWER SUPPLY 
LL 
Specified Operating 
Voltage 
t15 
V 
LL 
Operating 
Voltage Range 
t2.25(2) 
t18 
V 
:) 
Quiescent 
Current, 
10 
'0.0 
t1.5 
±2 
t15 
±20 
mA 
m 
TEMPERATURE 
RANGE 
Specification 
-40 
+85 
·C 
Operating 
-40 
+125 
·C 
Storage 
-40 
+125 
·C 


Thermal Shutdown 
Temperature, 
TJ 
175 
·C 
Thermal 
Resistance, 
9JA 
"P" Package!" 
100 
·cm 


8JA 
"U" Package!" 
150 
ocm 


8JA 
"T" Package!') 
65 
·cm 


8JC 
"T" Package 
6 
·cm 


V+ 
V+ 


~ 
~ 


BW 


V- 
V- 


NOTES: (1) Tests are performed 
on high speed automatic 
test equipment, 
at approximately 
25°C junction temperature. 
The power dissipation 
of this product will 
cause some parameters to shift when warmed up. See typical performance curves for over-temperature 
performance. 
(2) Limited output swing available at low supply 
voltage. See Output voltage specifications. 
(3) Typical when all leads are soldered to a circuit board. See text for recommendations. 


The information 
provided 
herein is believed to be reliable; however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specIfications 
are subject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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Supply Voltage 
. 
±1aV 
Input Voltage Range .. 
. 
±Vs 


Output Short-Circuit 
(to ground) 
. 
. 
Continuous 
Operating Temperature.. 
. 
-40°C 
to +125°C 
Storage Temperature.. 
. 
-40°C 
to +125°C 


Junction Temperature 
+ 150°C 


Lead Temperature 
(soldering, 105).. 
.. 
+300°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER1') 


BUF634P 
a·Pin PDIP 
006 
BUF634U 
50·8 
Surface Mount 
182 


BUF634T 
5·Pin TO·220 
315 


TEMPERATURE 


MODEL 
PACKAGE 
RANGE 


BUF634P 
a·Pin Plastic DIP 
-40 
to +85°C 


BUF634U 
50·8 
Surface· Mount 
-40 to +85°C 


BUF634T 
5·Pin TO·220 
-40 
to +85°C 


o 


I I 
I I 
I 
BW 
V- 
V+ 


V1N 
Vo 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
tbat all integrated 
circuits 
be handled 
witb 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
tbe device 
not to meet 
published 
specifications. 


PAD 
FUNCTION 


1 
BW 
2 
V,N 
3 
V- 


4 
Va 


5 
V+ 


MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
120x70±5 
3.05xl.78±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
Chromium-Silver 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 
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For Immediate Assistance, Contact YourLocal Salesperson 


APPLICATION INFORMATION 


Figure 
I is a simplified 
circuit 
diagram 
of the BUF634 
showing its open-loop 
complementary 
follower design. 


Figure 
2 shows 
the BUF634 
connected 
as an open-loop 
buffer. The source impedance and optional input resistor, Rs' 
influence 
frequency 
response-see 
typical 
curves. 
Power 
supplies should be bypassed with capacitors connected close 
to the device pins. Capacitor 
values as low as O.llJF will 
assure stable operation in most applications, 
but high output 
current 
and fast output slewing can demand 
large current 
transients 
from the power 
supplies. 
Solid tantalum 
IOlJF 
capacitors 
are recommended. 


High frequency 
open-loop 
applications 
may benefit 
from 


special 
bypassing 
and layout 
considerations-see 
"High 
Frequency 
Applications" 
at end of applications 
discussion. 


OUTPUT CURRENT 


The BUF634 can deliver up to ±250mA 
continuous 
output 
current. Internal circuitry 
limits output current to approxi- 
mately 
±350mA-see 
typical 
performance 
curve 
"Short 
Circuit 
Current 
vs Temperature". 
For many 
applications, 
however, 
the continuous 
output current will be limited by 
thermal effects. 


The output 
voltage 
swing capability 
varies 
with junction 
temperature 
and output current-see 
typical curves "Output 
Voltage Swing vs Output Current." Although all three pack- 
age types are tested for the same output performance 
using 
a high speed test, the higher junction 
temperatures 
with the 
DIP and SO-8 package types will often provide less output 
voltage swing. The TO-220 package can be used with a heat 
sink to reduce junction 
temperature, 
allowing 
maximum 
possible output swing. 


THERMAL 
PROTECTION 


Power 
dissipated 
in the BUF634 
will cause the junction 
temperature 
to rise. 
A thermal 
protection 
circuit 
in the 
BUF634 will disable the output when the junction 
tempera- 
ture reaches approximately 
175°C. When the thermal pro- 
tection is activated, the output stage is disabled, allowing the 
device 
to cool. 
Quiescent 
current 
;.3 approximately 
6mA 
during thermal 
shutdown. 
When the junction 
temperature 
cools to approximately 
165°C the output circuitry 
is again 
enabled. This can cause the protection circuit to cycle on and 
off with a period 
ranging 
from a fraction 
of a second to 
several minutes or more, depending on package type, signal, 
load and thermal environment. 


The thermal protection circuit is designed to prevent damage 
during abnormal 
conditions. 
Any tendency 
to activate 
the 
thermal protection 
circuit during normal operation is a sign 
of an inadequate heat sink or excessive power dissipation for 
the package type. 


The 5-pin TO-220 package provides the best thermal perfor- 
mance. When used with a properly sized heat sink, output of 
the TO-220 version is not limited by thermal performance. 
See Application 
Bulletin 
AB-037 
for details on heat sink 
calculations. 
The mounting 
tab of the TO-220 
package 
is 
electrically 
connected 
to the V-power 
supply. 


The DIP and SO-8 surface-mount 
packages are excellent for 
applications 
requiring high output current with low average 
power dissipation. 


To achieve the best possible thermal performance 
with the 
DIP or SO-8 packages, solder the device directly to a circuit 
board. Since much of the heat is dissipated 
by conduction 
through 
the package 
pins, 
sockets 
will 
degrade 
thermal 
performance. 
Use wide circuit board traces on all the device 
pins, including 
pins that are not connected. 
With the DIP 
package, use traces on both sides of the printed circuit board 
if possible. 
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NOTE: (1) C, nol required 


for most common 
op amps. 


Use with unity-gain slable 
v- 
high speed op amps. 


Power dissipation 
depends on power supply voltage, signal 


and load conditions. 
With DC signals, power dissipation 
is 
equal to the product 
of output 
current 
times the voltage 


across the conducting 
output transistor. 
Power dissipation 
can be minimized by using the lowest possible power supply 
voltage 
necessary 
to assure 
the required 
output 
voltage 


swing. 


For resistive 
loads, the maximum 
power dissipation 
occurs 
at a DC output voltage of one-half the power supply voltage. 
Dissipation 
with AC signals is lower. Application 
Bulletin 
AB-039 explains how to calculate 
or measure power dissi- 
pation with unusual signals and loads. 


Any 
tendency 
to activate 
the thermal 
protection 
circuit 


indicates excessive power dissipation 
or an inadequate 
heat 


sink. For reliable operation, junction 
temperature 
should be 


limited 
to 150°C, maximum. 
To estimate 
the margin 
of 


safety in a complete 
design, increase the ambient tempera- 
ture until the thermal protection 
is triggered. 
The thermal 
protection 
should trigger more than 45°C above the maxi- 
mum expected 
ambient condition 
of your application. 


Internal circuitry is protected with a diode clamp connected 
from the input to output of the BUF634-see 
Figure I. If the 
output is unable to follow the input within approximately 
3V 


(such as with an output short-circuit), 
the input will conduct 
increased 
current from the input source. This is limited by 
the internal 200n 
resistor. If the input source can be dam- 
aged by this increase in load current, an additional 
resistor 
can be connected 
in series with the input. 


BANDWIDTH 
CONTROL 
PIN 


The -3dB bandwidth of the BUF634 is approximately 30MHz 
in the low quiescent current mode (l.5mA 
typical). To select 
this mode, leave the bandwidth control pin open (no connec- 
tion). 


Bandwidth 
can be extended 
to approximately 
180MHz by 
connecting 
the bandwidth 
control pin to V-. This increases 
the quiescent 
current to approximately 
15mA. Intermediate 
bandwidths 
can be set by connecting 
a resistor in series with 
the bandwidth 
control 
pin-see 
typical 
curve 
"Quiescent 
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OPAMP 
RECOMMENDATIONS 


OPA177,OPA1013 
Use Low 10mode. G = 1 stable. 


OPA111,OPA2111 
OPA121 


OPA27,OPA2107 
Low Ie mode is stable, 
Increasing 
CL may cause 


OPA602, OPA404 
excessive 
ringing or instability. 
Use Wide 
BW mode. 


OPA627, OPA604 
Use Wide BW mode, C, = 200pF. G = 1 stable. 


OPA2604 


OPA637, OPA37 
Use Wide BW mode. These 
op amps are not G '" 1 
slable. Use in G > 4. 


Current vs Resistance" 
for resistor selection. CharacteristicslII 


of the bandwidth 
control pin can be seen in the simplified 
circuit diagram, Figure I. 


The rated output current and slew rate are not affected by the 
bandwidth control, but the current limit value changes slightly_ 
Output 
voltage 
swing is somewhat 
improved 
in the wide 
bandwidth 
mode. The increased 
quiescent 
current when in 
wide bandwidth 
mode produces 
greater power dissipation 
during low output current conditions. 
This quiescent power 
is equal to the total supply voltage, 
(V+)+IV-I, 
times the 
quiescent 
current. 


BOOSTING 
OP AMP OUTPUT 
CURRENT 


The BUF634 can be connected 
inside the feedback loop of 


most op amps 
to increase 
output 
current-see 
Figure 
3. 


When connected 
inside the feedback 
loop, the BUF634's 


offset voltage and other errors are corrected by the feedback 
of the op amp. 


To assure that the op amp remains 
stable, the BUF634's 


phase shift must remain small throughout 
the loop gain of 


the circuit. For a G=+ I op amp circuit, the BUF634 
must 
contribute little additional phase shift (approximately 
200 or 
less) at the unity-gain 
frequency 
of the op amp. Phase shift 
is affected by various operating 
conditions 
that may affect 
stability of the op amp--see 
typical Gain and Phase curves. 


Most general-purpose 
or precision 
op amps remain 
unity- 
gain stable with the BUF634 connected 
inside the feedback 
loop 
as shown. 
Large 
capacitive 
loads 
may 
require 
the 


BUF634 
to be connected 
for wide bandwidth 
for stable 
operation. 
High 
speed or fast-settling 
op amps generally 


require 
the wide bandwidth 
mode to remain stable and to 
assure good dynamic 
performance. 
To check for stability 
with an op amp, look for oscillations or excessive ringing on 
signal pulses with the intended 
load and worst case condi- 


tions that affect phase response of the buffer. 


HIGH FREQUENCY 
APPLICATIONS 


The BUF634's 
excellent bandwidth and fast slew rate make it 
useful in a variety of high frequency open-loop applications. 
When operated open-loop, circuit board layout and bypassing 
technique can affect dynamic performance. 


For best results, use a ground plane type circuit board layout 
and bypass 
the power 
supplies 
with 0.1J.lF ceramic 
chip 


_ -J.-_ 
•• 
_J 
r-- 
o 
~u~ 
•.••••••1'" 
.I.•••"pVll.:)l;;; 
UVCli)UUUL 
ana 
ringing. Best response is usually achieved with a series input 
resistor 
of 250 
to 2000, 
depending 
on the signal source. 
Response 
with some loads (especially 
capacitive) 
can be 
improved 
with a resistor of 100 to 1500 in series with the 


output. 


~-1-"'" 
12V 
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BURR - BROWN® 
113131 


High Voltage FET-Input 
OPERATIONAL 
AMPLIFIER 


• 
WIDE POWER SUPPLY 
RANGE: 
±10V to 


±45V 


• 
HIGH SLEW RATE: 10VlllS 


• 
LOW INPUT BIAS CURRENT: 
50pA max 


• 
STANDARD-PINOUT 
TO-99 AND DIP 
PACKAGES 


• 
TEST EQUIPMENT 


• 
HIGH VOLTAGE 
REGULATORS 


• 
POWER AMPLIFIERS 


• 
DATA ACQUISITION 


• 
SIGNAL 
CONDITIONING 


The OPA445 
is a monolithic 
operational 
amplifier 
capable of operation from power supplies up to ±45V 
and output currents 
of 15mA. It is useful in a wide 
variety of applications 
requiring 
high output voltage 
or large common-mode 
voltage swings. 


The OPA445's 
high slew rate provides 
wide power- 


bandwidth 
response, 
which is often required for high 
voltage 
applications. 
FET input circuitry 
allows the 


use of high impedance 
feedback networks, thus mini- 
mizing their output loading effects. Laser trimming of 
the input circuitry yields low input offset voltage and 
drift. 


The 
OPA445 
is unity-gain 
stable 
and requires 
no 
external compensation 
components. 
It is available 
in 


both industrial (-25°C to +85°C) and military (-55°C 
to + 125°C) temperature 
ranges. 
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SPECIFICATIONS 


ELECTRICAL 


I 
OPA445SM 
OPA445BM 
OPA445AP 
I 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 


OFFSET VOLTAGE 
Input Offset Voltage 
VCM = OV 
0.5 
1.0 
1.0 
3.0 
2.0 
5.0 
mV 
Average Drift 
TA:::: TM1N to TMAX 
10 
15 
~vrc 
Supply Rejection 
Vs = ±10V to ±50V 
80 
110 
dB 


BIAS CURRENT 


Input Bias Current 
VCM = OV 
20 
50 
50 
100 
pA 
Over 
Temperature 
100 
10 
20 
nA 


OFFSET 
CURRENT 
Input Offset Current 
VCM = OV 
4 
10 
20 
40 
pA 
Over Temperature 
50 
5 
10 
nA 


IMPEDANCE 
Differential 
1013111 
Q II pF 
Common-Mode 
10"113 
Q II pF 


VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±35 
V 


Common-Mode 
Rejection 
V,N = ±30V, 
Over Temp. 
80 
95 
dB 


OPEN·LOOP 
GAIN, DC 


Open-Loop 
Voltage Gain 
RL =5kQ 
100 
105 
dB 
Over Temperature 
97 
dB 


FREQUENCY 
RESPONSE 


Gain 
Bandwidth 
Small Signal 
2 
MHz 


Full Power 
Response 
35Vp-p, 
RL = 5kn 
45 
55 
kHz 


DYNAMIC 
RESPONSE 


Slew Rate 
Va' 
±35V, 


RL = 5kn 
5 
10 
VI~s 


Rise Time 
Va = ±200mV 
100 
ns 


Overshoot 
Av = +1 
z... 5kn 1150pF 
30 
% 


OUTPUT 


Vohage Output, Over Temp. 
RL = 5kn 
±35 
V 
Current 
Output 
Va - ±28V 
±15 
mA 
Output 
Resistance 
DC, Open Loop 
220 
Q 


Short 
Circuit 
Current 
±26 
mA 


POWER SUPPLY 


Rated Voltage, ±Vs 
±40 
V 


Voltage Range, ±Vs 


Derated 
Performance 
Over Temperature 
±10 
±45 
V 


Current, 
Quiescent 
la = OmA 
3.8 
4.5 
mA 


TEMPERATURE 
RANGE 


Specification 
-55 
+125 
-25 
+85 
·C 


Operating 
Ambient 
Temperature 
-55 
+125 
-25 
+85 
·C 


6 Junction-Ambient 
200 
100 
·CIW 


Top View 


OffsetTrim 


-Vs 


Case is connected 
to -Vs 
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Power Supply 
. 
±50V 
Internal 
Power 
Dissipation. 
. 
680mW 
Differential Input Voltage 
±80V 
Input Voijage Range 
. 
I±Vsl-'3V 


Storage Temperature 
Range: M ..... 
. 
-65°C to +15QOC 
P.. . 
. 
--400C to +85°C 


Operating 
Temperature 
Range: 
M 
-55°C 
to +125°C 
P 
. --40°C to +85°C 
Lead Temperature (soldering, 10s).. 
.... +300°C 
Output Short-Circuij 
to Ground (T. - +25°C) .. 
. 
Continuous 


Junction Temperature 
. 
+175°C 


2.6 


2.4 


Nr 


2.2 
~i 
2.0 
.. 
CD 
1.8 
<= 
'iij 
Cl 


1.6 


....•..•.. 


'" 
"'" 
SR 


"'" 
"" 


GBW ""'- 
'\ 


.....••..•...•• 


~ 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Offset 
Trim 
7 
-Vs 


2 
-In 
8 
(Compensation) 


3 
+In 
9 
Output 
4 
NC 
10 
+Vs 


5 
-Vs 
11 
NC 


6 
Offset Trim 
12 
NC 


MilS 
(0.001") 
MilLIMETERS 


Die Size 
B8x72±5 
2.24 x 1.83±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
Chromium·Silver 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


OPA445AP 
8-pin plastic DIP 
-25°C 
to +85°C 
OPA445BM 
8-pin TO-99 
-25°C 
to +85°C 


OPA445SM 
8-pin TO-99 
-55OC to +125°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER<') 


OPA445AP 
8-pin plastic DIP 
006 


OPA445BM 
8-pin To-gg 
001 
OPA445SM 
8-pin TO-99 
001 


11 
2.2 


10 
N 
9 
0;- 
r 
2.0 
~ 
~ 
~ 
8 * 
~ 
II: 
<= 
~ 
.. 


<I> 
CD 
1.8 
c;; 
<= 
'iij 
Cl 
6 
-- 


f-.- - 
GBW 
-..... 


SIR f----- 


30 


Supply Voijage (±VS> 
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14 


12 
0;- 
~ 


<I> 
10 
II:~ 
10 
<I> 
c;; 


100nA 


10nA 


c 
1nA 
~ 100pA 
() 
'".• 
Iii 
10pA 


"~ 
1pA 


0.1pA 
-- 


25 
50 


Temperature 
(Oe) 


140 


120 


iD 100 
l3. 
c 
80 
'n;el 


Q) 
60 
C) 
,:g 
0> 
40 


20 


t-... 


I' 


e 


t-.... 
1- 


Gain 


lk 
10k 
100k 


Frequency (Hz) 


--I--- 
r-- ...•.•.•.•.. 


..•..••.•.... 


'"'- 


Current 


Limit 


~§ 
21 
> 


18 
20 


lOUT (mA) 


120 


--45 
I 


iD 
110 
l3. 


-90 
fti' 
c 
'n; 
e- 
el 
~ 


Q) 
C) 
J!! 
.c 
"0 
100 
-135 
Cl. 
> 


120 


iD 100 
l3. 
c 
~ 
80 


'iD 
a:: 
60 
•.. 
15. 
0-" 
40 
(J) 
li; 
;0 
0 
20 
Cl. 


...••.. 


....•..•.•.. 
"" 
" 
" 


+Vcc 


"" 
"" 
" 
" 
" 


..•....•.. 


Vcc "" 
" 
'- 


..•....•.. 


"- 
"- 


"" 
..•....•.. 


"' 


4.0 


« 
3.5 .s 


E~" 
()~ 
3.0 
0- 
0-" 
(J) 
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lk 
10k 
lOOk 
1M 


Frequency (Hz) 


- 
- 


J--" 
'-f-- 


--f.- 
Ie 


AvO<. 
----.. 
..--- 


20 
30 
40 


Supply Voltage (±Vsl 


- -t---- --r-- 


120 


iil 110 
:!:. 
c 
'ijj 
Cl•. 
'" 
J!! 
-0 
100 
> 


..••••......• 


..••••......• - 
•....••....•.• 


"" 


-25 
0 
25 
50 
75 


Ambient Temperature 
(0G) 


35 


30 


<" 
25 
.s 


E 
20 
~ 
() 
15 
i 
10 
0 


0 


-50 
-25 
0 
25 
50 
75 
100 
125 


Temperature 
(0C) 


r--- 
r--- 
- 


lk 


Frequency (Hz) 


90 


80 


~ 


70 
~ 60 
•. 50 
N 
0 
40 
> 


=> 
30 
9- 
6 
20 


\ 


I 
\ 
" 


10k 
100k 


Frequency (Hz) 


0.8 


0.7 


0.6 
~ 
0.5 
c 
0 
0.4 
~ 
c. 
.~ 
0.3 
is 


0.2 


0.1 


I 


'" 
\Pla~tiC DIP 
'" 
\ 
TO-99 '" 


"'- "" 


The 
information 
provided 
herein 
is believed 
to be feliable: 
however. 
BURR-BROWN 
assumes 
no rf~sponsibilityfor 
inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize 
or warrant 


any BURR·BROWN 
product for use in life support devices 
and/or 
systems. 
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Temperature ee) 
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INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


The OPA445 
may be operated 
from power supplies 
up to 
±45V or a total of 90V. Power supplies should be bypassed 
with O.022lJF capacitors, 
or greater, near the powe,r supply 
pins. Be sure that the capacitors 
are appropriately 
Tated for 
the supply voltage used. 


The 
OPA445 
can 
supply 
output 
currents 
of 
l5:mA and 


larger. This would present no problem for a standard op amp 
operating 
from ±15V supplies. With high supply voltages, 
however, 
internal power dissipation 
of the op amp can be 
quite large. Operation from a single power supply (or unbal- 
anced power supplies) can produce even larger power dissi- 
pation since a larger voltage is impressed 
across the con- 


ducting output transistor. 


Dissipation 
should be limited to 680mW at 25°C. At tem- 


peratures 
above 25°C, the maximum 
dissipation 
should be 
derated according 
to the thermal resistance 
of the package 
type used. 


NOTE: (1) 10kn to 1Mn 
Trim Potentiometer 


-Vs 
(100kn recommended). 


Package 
thermal 
resistance, 
O,e' is affected 
by mounting 
techniques and environments. 
The figures provided are typi- 


cal for common 
mounting 
configurations 
with convection 
air flow. Poor air circulation 
and use of sockets can signifi- 
cantly 
increase 
thermal 
resistance. 
Best 
thermal 
perfor- 
mance is achieved 
by soldering 
the op amp into a circuit 
board 
with 
wide 
printed 
circuit 
traces 
to allow 
greater 
conduction 
through the op amp leads. Simple clip-on heat 
sinks can reduce the thermal resistance 
of the TO-99 metal 
package by as much as 50°Crw. 


A short-circuit 
to ground 
will produce 
a typical 
output 
current of 25mA. With ±40V power supplies, this creates an 
internal power dissipation 
of l.OW. This exceeds the maxi- 
mum rating for the device, and is not recommended. 
Perma- 
nent damage 
is unlikely, 
however, 
since the short-circuit 
output 
current 
will diminish 
as the junction 
temperature 
rises. 


FIGURE 
l. Offset Voltage Trim. 
-12V 


FIGURE 3. Programmable 
Voltage Source. 


R, 


9.9kn 
t 
Load 


I, 
I,= [(V, - V,)/Rsl (R,IR,) 
= (V,-V,)'1kn 


Compliance 
Vohage Range = ±35V 
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High Current, 
High Power 
OPERATIONAL 
AMPLIFIER 


• 
HIGH OUTPUT 
CURRENT: 
±10A 
Peak 


• 
WIDE POWER 
SUPPLY 
RANGE: 
±10 to ±40V 


• 
LOW QUIESCENT 
CURRENT: 
2.6mA 


• 
ISOLATED 
CASE TO-3 PACKAGE 


The 
OPA501 
is a high 
output 
current 
operational 
amplifier. 
It can be used in virtually 
all common 
op 
amp circuits, 
yet is capable of output currents up to 
±1OA. Power supply voltages up to ±40V allow very 
high output power for driving motors or other electro- 
mechanical 
loads. 


Safe operating 
area is fully specified, 
and user-set 
current limits provide protection for both the amplifier 
and load. The class-B (zero output stage bias) provides 
low quiescent 
current during small-signal 
conditions. 


This rugged hybrid integrated circuit is packaged in a 
metal 8-pin TO-3 package. 
Both industrial 
and mili- 
tary temperature 
range models are available. 


• 
MOTOR 
DRIVER 


• 
SERVO 
AMPLIFIER 


• 
VALVE 
ACTUATOR 


• 
SYNCRO 
DRIVER 


• 
PROGRAMMABLE 
POWER 
SUPPLY 


R~L 


Output 


BURR-BROWNo& 
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OPA501RM, 
AM 
OPA501SM, 
8M 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


RATED OUTPUTII, 
2) 


OUtput Current 
RL• 
2U (RM, AM) 
±10 
A 
Continuous(3) 
RL • 2.00 (SM, BM) 
±10 
A 
Output Voltage(3) 
10= lOA peak 
±20 
±23 
±26 
±29 
V 


DYNAMIC 
RESPONSE 


Bandwidth, 
Unity Gain 
Small Signal 
1 
MHz 


Full Power Bandwidth 
Vo = 40Vp-p, RL = 8U 
10 
16 
kHz 
Slew Rate 
RL = 5U (RM, AM) 
1.35 
V/~s 


RL • 6.sn (SM, BM) 
1.35 
v/~s 


INPUT OFFSET VOLTAGE 
Inrtial Offset 
±5 
±10 
±2 
±5 
mV 
vs Temperature 
-25"C 
< T < +85"C (AM, BM) 
±10 
±65 
~V/"C 
-55"C 
< T < +125"C (RM, SM) 
±10 
±40 
~V/"C 
vs Supply Vollage 
±35 
~VN 


INPUT BIAS CURRENT 
Initial 
TCASE 
::l: +25°C 
15 
40 
20 
nA 
vs Temperature 
±O.05 
nWC 
vs Supply Voltage 
±O.02 
nAN 


INPUT DIFFERENCE 
CURRENT 


Initial 
TCASE::: +25°C 
±5 
±10 
±2 
±3 
nA 
vs Temperature 
-25"C 
< T < +85"C (AM, 8M) 
±O.O' 
nWC 


-55"C 
< T < +125"C (RM, 8M) 
±O.01 
nWC 


OPEN-LOOP 
GAIN, DC 
RL • 5U (RM, AM) 
94 
115 
dB 
RL = 6.5U (SM, BM) 
98 
115 
dB 


INPUT IMPEDANCE 
Differential 
10 
MU 
Common·mode 
250 
MU 


INPUT NOISE 
Voltage Noise 
to • 0.3Hz to 10Hz 
3 
~Vp-p 
to = 10Hz to 10kHz 
5 
~Vrms 


Current Noise 
'0 = 0.3Hz to 'OHz 
20 
pAp-p 
'0 = 10Hz to 10kHz 
4.5 
pArms 


INPUT VOLTAGE 
RANGE 


Common-mode 
Voltage'.' 
Linear Operation 
±(IVs~) 
±(lVsl-3) 
V 
Common-mode 
Rejection 
,= DC, VCM = ±(IVsl-6) 
70 
110 
80 
dB 


POWER SUPPLY 
Rated Vollage 
±28 
±34 
V 
Operating Voltage Range 
±10 
±36 
±40 
V 
Current, quiescent 
±2.6 
±'O 
mA 


TEMPERATURE 
RANGE 
case 
Specification, 
RM, 8M 
-55 
+125 
"C 
AM,BM 
-25 
+85 
"C 
Operating, derated 
performance, 
AM, 8M 
-55 
+125 
"C 
Storage 
-65 
+150 
. 
"C 


THERMAL 
RESISTANCE 
Steady State 8JC 
2.0 
2.2 
"CIW 


·Specification 
same as for OPA501 RM, AM. 


NOTES: (1) Package must be derated based on a junction·to-case 
thermal resistance of 2.20CIW or a junction-la-ambient 
thermal resistance of 30°CNV. 
(2) Safe 
Operating Area and Power Derating Curves must be observed. (3) With ±Rsc ""O. Peak output current is typically greater than 10A if duty cycle and pulse width limitations 
are observed. Output current greater than 10A is not guaranteed. 
(4) The absolute maximum voltage is 3V less than supply voltage. 


The information provided herein is believed to be reliable: however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR· BROWN assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
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Power Dissipation at +25°C(1, 2). 
. 
79W 
Differential 
Input Voltage.. 
.. ±Vs-3V 
Common-Mode 
Input Voltage 
. 
±Vs 
Operating Temperature 
Range. 
. 
-55°C to +125°C 
Storage Temperature 
Range. 
. 
-65°C to +150°C 
Lead Temperature 
(soldering, 
10s)... 
.. 
+300°C 
Junction Temperature. 
. 
+200°C 
Output Short-Circuit 
Duration(3) . 
. 
Continuous 


NOTES: (1) At case temperature 
of +25°C. Derate at 2.2°CIW 
above case 
temperature 
of +25°C. (2) Average dissipation. 
(3) Within safe operating 
area and with appropriate derating. 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


OPA501AM 
B-Pin Metal TO-3 
-25°C 
to +B5°C 
OPA501BM 
B-Pin Metal TO-3 
-25°C 
to +B5°C 
OPA501RM 
B-Pin Metal TO-3 
-55°C 
to +125°C 
OPA501SM 
B-Pin Metal TO-3 
-55°C 
to +125°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


OPA501AM 
B-Pin Metal TO-3 
030 
OPA501BM 
B-Pin Metal TO-3 
030 
OPA501RM 
B-Pin Metal TO-3 
030 
OPA501SM 
B-Pin Metal TO-3 
030 
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TYPICAL PERFORMANCE CURVES 


120 


100 


80 
a;- 
:!1- 


60 
a>" 
:€a. 
40 
E 
"" 
20 


0 


-20 
100 
lk 
10k 
lOOk 
1M 


Frequency (Hz) 


2.8 


~ 


2.4 
~ 
2.0 
§~ 
1.6 
"~ 
1.2 
() 


.~ 
0.8 
'"'5 
Q. 


0.4 
.E 


\ 
'" 


"'" 


..•.•...•..••.. 


"""- 
-- 


100 


60 
c: 
40 
6. 
?- 
g> 
20 
~ 
a> 
10 
~ 
0 
6 
> 
'5 
4 
%0 
2 


+Vs = ±34 


Maxirnum 
I-+Vs: 
±28V/l 
'" 
Output 


I 
I I I 
f 
-......: 
, 
I'~ 
Maximum 
~Undistorted" 


Sine Wave Output 


RL -8n 


Av""+10 
Tc=+25°C 
I IIIII 


4 
6 
10 
20 


Frequency (kHz) 


--60 
Q) 


-90 I 


-120 j 


Q. 


-150 


1.8 


l 
1.6 
" 
1.4 
.2t: 
.~ 
1.2 


0 
1.0 
.~ 
0 
0.8 
E.. 
0.6 
I 
~ 
0.4 


0.2 


120 


a;- 
100 
:!1- 
" 
.2~ 
80 
..•. 
a: 


a> 
80 


"8::; 
C 
40 
0 
E 
E0 
20 
() 


~ 


I\. 


'" 


"- 


....•..... 


100 
lk 
10k 


Frequency (Hz) 


~ 
?- ±30 


a> 


~ 
±25 
> 
'5 
~ 
±20 


±15 


±20 
±25 
±30 


Power Supply Voltage, Vs (V) 


-Vo-40Vp- 
=Av-+10 
_ 
Vs=±28V 


RL-4n 


Rf,~8n 


RL - 16 


RL:50 


lOZ 
lOZ 


Frequency (kHz) 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
1-=--=-1 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 
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Grounding 
techniques can greatly affect the performance 
of 
a power op amp. Figure I shows grounds connected 
so that 
load current does not flow through signal ground connec- 
tions. Power supply and load connections 
should be physi- 
cally separated from the amplifier input and signal connec- 
tions. 


Power 
supply connections 
to the amplifier 
should be by- 
passed with lOllF tantalum capacitors connected close to the 
device 
pins. The capacitors 
should be connected 
to load 
ground as shown. 


R, 


G='+-R, 


CURRENT 
LIMITS 


The OPA501 has independent 
positive and negative current 
limit circuits. Current limits are set by the value of R'sc and 
R-sc- The approximate 
value of these resistors is: 


Rsc = 0.65 
-0.04370 
ILIMrr 


ILlMIT is the desired maximum current at room temperature 
in 
Amperes 
and Rsc is in ohms. The current 
limit value de- 
creases 
with 
increasing 
temperature-see 
typical 
perfor- 
mance curves. The current 
limit resistors 
conduct 
the full 
amplifier 
output 
current. 
Power dissipation 
of the current 
limit resistors at maximum 
current is: 


PMAX = (ILIMIT)2 
Rsc 


The current limit resistors can be chosen from a variety of 
types. 
Most 
wire-wound 
types 
are satisfactory, 
although 
some physically 
large resistors 
may have excessive 
induc- 
tance which can cause instability. 


Stress on the output transistor 
is determined 
by the 
utput 
current and the voltage across the conducting 
output transis- 
tor. The power dissipated by the output transistor is equal to 
the product of the output current and the voltage across the 
conducting 
transistor, VCEo The Safe Operating Area (SO A), 


rent. SOA is reduced 
at high operating 
temperature-see 
Figure 3. 


The safe output current decreases 
as VCE increases. 
Output 
short-circuits 
are very demanding. 
A short-circuit 
to ground 
forces the full power supply voltage (positive 
or negative 
side) across the conducting 
transistor. With Vs = ±30V, the 
current limit must be set for 2A to be safe for short-circuit 
to ground. For further information 
on SOA and evaluating 
signal and load conditions, 
consult 
Applications 
Bulletin 
AB-039. 


Most 
applications 
require 
a heat sink to assure 
that the 
maximum junction 
temperature 
of 200°C is not exceeded. 


The size of the heat sink required 
depends 
on the power 
dissipated 
by the amplifier and ambient temperature 
condi- 
tions. Application 
Bulletin 
AB-039 
explains 
how to find 
maximum power dissipation for DC, AC, reactive loads, and 
other conditions. 
Applications 
Bulletin AB-038 shows how 
to determine 
heat sink requirements. 


The case of the OPA501 is isolated from all circuitry and can 
be fastened directly to a heat sink. This eliminates 
cumber- 
some 
insulating 
hardware 
that degrades 
thermal 
perfor- 
mance. See Applications 
Bulletin AB-037 
for information 
on mounting 
techniques 
and procedures. 
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FIGURE 
2. Transistor 
Safe Operating 
Area at +25°C Case 
Temperature. 
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FIGURE 3. Transistor 
Safe Operating 
Area at + 125°C Case 
Temperature. 
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High Current, 
High Power 
OPERATIONAL 
AMPLIFIER 


• 
HIGH OUTPUT 
CURRENT: 
10A 


• 
WIDE POWER SUPPLY VOLTAGE: 
±10Vto 
±45V 


• 
USER-SET 
CURRENT 
LIMIT 


• 
SLEW RATE: 10V/~s 


• 
FET INPUT: I. = 200pA max 


• 
CLASS AlB OUTPUT 
STAGE 


• 
QUIESCENT 
CURRENT: 
25mA max 


• 
HERMETIC 
TO-3 PACKAGE 
- 
ISOLATED 
CASE 


The 
OPA502 
is a high output 
current 
operational 
amplifier 
designed to drive a wide range of resistive 
and 
reactive 
loads. 
Its complementary 
class 
A/B 
output 
stage 
provides 
superior 
performance 
in 
applications 
requiring freedom from crossover distor- 
tion. 
Resistor-programmable 
current 
limits 
provide 
protection 
for both the amplifier 
and the load during 
abnormal operating conditions. An adjustable foldover 
current 
limit 
can 
also 
be used 
to protect 
against 
potentially 
damaging 
conditions. 


The OPA502 
employs a custom monolithic 
op amp/ 
driver 
circuit 
and 
rugged 
complementary 
output 
transistors, 
providing 
excellent 
DC 
and 
dynamic 
performance. 


The industry-standard 
8-pin TO-3 package 
is electri- 
cally 
isolated 
from 
all circuitry. 
This 
allows 
the 
OPA502 to be mounted directly to a heat sink without 
cumbersome 
insulating 
hardware 
which 
degrade 
thermal 
performance. 
The 
OPA502 
is available 
in 


-40°C 
to +85°C and -55°C 
to +125°C 
temperature 
ranges. 


• 
MOTOR DRIVER 


• 
SERVO AMPLIFIER 


• 
PROGRAMMABLE 
POWER SUPPLY 


• 
ACTUATOR 
DRIVER 


• 
AUDIO AMPLIFIER 


• 
TEST EQUIPMENT 
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SPECIFICATIONS 


OPA502BM 
OPA502SM 


PARAMETER 
CONDmON 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Vo~age 
±D.5 
±5 
mV 


V$ Temperature 
Specified Temp. Range 
±5 
~Vf'C 
vs Power Supply 
Vs - ±10V to±45V 
74 
92 
dB 


INPUT BIAS CURRENn') 


Input Bias Current 
VCM = OV 
12 
200 
pA 
Input Offset 
Current 
VCM = OV 
±3 
pA 


NOISE 
Input Voltage Noise 
,.. 
nVrIHz 
Noise Density I 
f= 1kHz 
25 
Current Noise Density, 
f= 1kHz 
3 
fANHz 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range, 
Positive 
Linear Operation 
(V+)-5 
(V+) --4 
V 
Negative 
Linear Operation 
(V-) +5 
(V-) +4 
V 
Common-Mode 
Aejection 
VCM = ±35V 
74 
106 
dB 


INPUT IMPEDANCE 
Differential 
1012115 
011 pF 
Common-Mode 
10'2114 
011 pF 


OPEN-LOOP 
GAIN 
Open-Loop 
Voltage Gain 
Vo = ±34V, F\ = 60 
92 
103 
dB 


FREQUENCY 
RESPONSE 
Gain-Bandwidth 
Product 
G=+10,RL=SOO 
2.0 
MHz 
Slew Rate 
6SVp-p, RL - 60 
5 
10 
V/~ 
Full-Power Bandwidth 
See Typical 
Curves 


Total 
Harmonic 
Distortion 
G = +3, t=20kHz 
I 


0.06 
I 


% 


Vo - 20V, RL - SO 
Capacitive 
Load 
See Figure 6 


OUTPUT 
Voltage Output, Positive 
10= lOA 
(V+)~ 
(V+)-3.5 
V 
Negative 
10= 10A 
(V-) +6 
(V-) +3.6 
'" 
V 
Positive 
10= 1A 
(V+) -2.5 
V 
Negative 
10= lA 
(V-) +3.1 
V 
Current 
Output 
See SOA Curves 
Short Circuit Current 
Resistor Programmed 


POWER SUPPLY 
Specified Operating Vo~age 
±40 
V 
Operating Voltage Range 
±10 
±45 
V 
Quiescent 
Current 
10= 0 
±20 
±25 
mA 


TEMPERATURE 
RANGE 
Specification 
--40 
+S5 
-55 
+125 
"C 
Storage 
-55 
+125 
"C 
Thermal 
Resistance, 
6JC 
DC 
1.25 
1.4 
"CIW 
AC f ~ 50Hz 
O.S 
0.9 
"CIW 
6J• 
No Heat Sink 
30 
"C/W 


PACKAGE 


S-PinTO-3 
S-Pin TO-3 


TEMPERATURE 
RANGE 


--40"C 10+S5"C 
-55'C 
to +125cC 


The information provided herein is believed to be reliable; however. BUf1R~BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Supply Voltage. V+ to V-.. 
. 
90V 
Output Current. 
. 
See SOA Curve 


Input Voltage.. 
. 
(V-) -lV 
to (V+)+lV 
Case Temperature, 
Operating. 
. 
150°C 


Junction Temperature 
.. 
. 
20QoC 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


OPA502BM 
8-Pin TO-3 
030 


OPA502SM 
8-Pin TO-3 
030 


No 
it) 
NOTE: (1) For detailed drawing and dimension table, please see end of data 
~ 


sheet, or Appendix C of Burr-Brown Ie Data Book. 
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TYPICAL PERFORMANCE CURVES (CO NT) 


Power supply terminals 
should be bypassed with low series 
impedance capacitors such as ceramic or tantalum close to the 
device pins. Power 
supply wiring should have low series 
impedance and inductance. Figure I indicates the high current 
connections 
in bold lines. 


Current 
limit is set with two external 
resistors~ne 
for 
positive output current and one for negative output current 
(see Figure I). For conventional 
current limit, independent of 
output 
voltage, 
pin 7 should be left open (see "Foldback 
Current 
Limit"). 
Limiting 
occurs when the output current 


causes 
sufficient 
voltage 
drop across 
RcL to turn on the 
respective current limit transistor. The limit current decreases 
at high temperature 
(see typical performance 
curve "Current 
Limit vs Temperature). 


Figure I also shows nominal current limit produced by stan- 
dard resistor values. See also the typical performance 
curve 


"Current Limit vs Limit Resistance". The output current must 
flow through this resistor, so its power rating must be chosen 
accordingly. 
The table in Figure I shows the power dissipa- 
tion of the current limit resistor during continuous 
current 
limit (room temperature). 
Connections 
from the current limit 
resistors to the device pins can typically add 0.020 
to 0.050 
to the effective 
value of RcL' This significantly 
affects the 
current limit value for high output currents. 


The current limit resistors can be chosen from a variety of 
types. Most common wire-wound 
types are satisfactory, 
al- 
though 
some physically 
large types 
may have excessive 
inductance 
which can cause problems. You should test your 
circuits with the exact resistor type planned for production 
use. 


You can set different current limits for positive and negative 
current. Resistors are chosen with the same table of val es in 
Figure I. 


SAFE OPERATING 
AREA 


Stress on the output transistors 
is determined 
by the output 
current and the voltage across the conducting 
output transis- 


R, 
G=1+- 
R, 


Ia. 
Power 


Ra. 
at 25·C 
Dissipation 
1 


(Q) 
(A) 
of Rc,(W) 


10 
0.11 
0.12 
5 
0.19 
0.18 
2 
0.44 
0.39 
1 
0.78 
0.61 
0.68 
l 
1.22 
1.0 
0.5 
1.65 
1.4 


0.3 
2.73 
2.2 
0.2 
4.0 
3.2 
0.15 
5.4 
4.4 
0.1 
8.1 
6.6 


tor. The power dissipated by the output transistor is equal to 
the product of the output current and the voltage across the 
conducting 
transistor, 
VCE' The Safe Operating 
Area (SOA 
curve, Figure 2) shows the permissible 
range of voltage and 
current. 
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The safe output current decreases 
as V CE increases. 
Output 
short-circuits 
are a very demanding 
case for SOA. A short- 
circuit to ground forces the full power supply voltage (V+ or 
V-) across the conducting 
transistor. 
With Vs = ±40V the 
current limit must be set for 3A (25°C) to be safe for continu- 
ous short-circuit 
to ground. 
For further 
insight 
on SOA, 
consult AB-039. 
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,,, 


•••• 
Thermal 
Limitation 
(TJ = 200·C) 


-- 
Second 
Breakdown 
Limited 
, 


Some applications 
do not require equal positive and negative 
output 
voltage 
swing. 
The power 
supply 
voltages 
of the 
OP A502 do not need to be equal. Figure 3 shows a circuit 
designed for a positive output voltage and current. The -5V 
power supply voltage assures that the inputs of the OPA502 
are operated within their linear common-mode 
range. The V+ 
power supply could range from 15V to 85V. The total voltage 
(V- to V+) can range from 20V to 90V. 


Oto sov 


Vo 
t O.SA 


FOLDOVER 
CURRENT 
LIMIT 


By connecting 
a resistor from pin 7 to ground, you can make 
the limit current vary with output voltage. The foldover limit 
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circuit can be set to allow high output current when VCE is low 
(high output voltage). Output current limits at a lower value 
under the more stressful condition when VCE is high, (output 
voltage is low). 


The behavior 
of this voltage-dependant 
current limit is de- 
scribed by the following equation. 


0.81 JO.28 
Vo'l 
lRFO+20j 
ILIMrr = 
RcL 
+ 0.03 
No 
It) 


where: 
V0 is the output voltage measured with respect to 
~ 
ground. 
0 


RFO is the resistor connected from pin 7 to ground(i. 
kohms) . 


RcLis the current limit resistor (in ohms). 


The foldover limit circuitry can be set to allow large voltage 
and current to resistive loads, yet limit output current to a safe 
value with an output short circuit. 


Reactive or EMF-generating 
loads can produce unexpected 
behavior with the foldover circuit driven into limiting. With a 
reactive load, peak output current occurs at low or zero output 
voltage. Compared to a resistive load, a reactive load with the 
same total impedance 
will be more likely to activate 
the 
foldover limit circuitry. 


Fast Recovery 
Diode 
SA.l00V 


MRB21 


Inductive 
or 
EMF-Generating 
Load 


V- 


FIGURE 4. Diode Protection 
of Output. 


OUTPUT 
PROTECTION 


The output stage of the OPA502 is protected by internal diode 
clamps to the power supply terminals. These internal diodes 
are similar to common silicon rectifier types and may not be 
fast enough for adequate protection. For loads that can deliver 
large reverse kickback current (greater than 5A) to the output, 
external 
fast-recovery 
clamp 
diodes 
are recommended 
(Figure 4). For these diodes (internal or external) to provide 
the intended protection, 
the power supplies must provide a 
low impedance 
to a reverse current. 


pulse response 
ringing, and in severe cases, oscillations. 
A 
low value feedback 
capacitor 
can reduce or eliminate 
this 
effect 
by maintaining 
a constant 
feedback 
factor at high 


frequency 
(see Figure 5). 


Depending 
on the load conditions, 
precautions 
may be re- 
quired when using the OPA502 in low gains. Gains less than 
+3VN 
or -2VN 
may cause oscillations, 
particularly 
with 


capacitive loads. Figure 6 shows several circuits for low gain 
and capacitive loads. 


Large value feedback capacitors used to limit the closed-loop 
bandwidth or form an integrator may also produce instability 
because the closed-loop 
gain approaches 
unity at high fre- 
quency. 


required 
depends 
on the power dissipated 
and on ambient 
conditions. 
Consult Application 
Bulletin AB-038 for infor- 
mation on determining 
heat sink requirements. 


The case of the OPA502 is isolated from all circuitry and can 
be fastened directly to a heat sink. This eliminates 
cumber- 


some insulating hardware that degrades thermal performance. 
Consult Application 
Bulletin AB-03? 
for proper mounting 
techniques and procedures for TO-3 power products. 


SOCKET 


A mating socket, 0804MC is available for the OPA502 and 
can be purchased 
from Burr-Brown. 
Although not required, 


this socket makes interchanging 
parts easy, especially during 
design and testing. 
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V,N 


470pF 


10krl 


G _-2 
ICLSO.01~F 
N0 
"7" 
"7" 
Lt) 


~ 


10krl 
20krl 
0 


V,N 
4~H 


100 


ICLS2200PF 


Prevents 


phase-inversion 


in G = 1 circuits 


"'- 
IN4148 
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THO at50W 
0.02% at 20kHz 
0.002% at 1kHz 


8-bit 
data port 
(8 + 4 bits) 


3nFl~ 


Vo 
o.m 
±20V 
at 5A 
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Very-High 
Current-High 
Power 
OPERATIONAL 
AMPLIFIER 


• 
WIDE SUPPLY 
RANGE: 
±10V to ±50V 


• 
HIGH OUTPUT CURRENT: 
15A Peak 


• 
CLASS 
A1B OUTPUT STAGE: 
Low Distortion 


• 
VOLTAGE-CURRENT 
LIMIT PROTECTION 


CIRCUIT 


• 
SMALL 
TO-3 PACKAGE 


• 
SERVO AMPLIFIER 


• 
MOTOR DRIVER 


• 
SYNCRO 
EXCITATION 


• 
AUDIO AMPLIFIER 


• 
TEST PIN DRIVER 


The 
OPA5l2 
employs 
a laser-trimmed 
monolithic 


integrated circuit to bias the output transistors, provid- 
ing excellent low-level signal fidelity and high output 
voltage swing. The reduced internal parts count made 
possible 
with this monolithic 
Ie 
improves 
perfor- 
mance and reliability. 


This hybrid integrated 
circuit is housed in a hermetic 
TO-3 package 
and all circuitry is electrically-isolated 
from the case. This allows direct mounting to a chassis 
or heat sink without cumbersome 
insulating hardware 
and provides 
optimum 
heat transfer. 


The 
OPA5l2 
is a high 
voltage, 
very-high 
current 
operational 
amplifier designed to drive a wide variety 
of resistive 
and reactive 
loads. 
Its complementary 


class AIB output stage provides superior performance 
in applications 
requiring 
freedom 
from 
cross-over 
distortion. 
User-set 
current 
limit 
circuitry 
provides 
protection to the amplifier and load in fault conditions. 
A resistor-programmable 
voltage-current 
limiter 
circuit may be used to further protect 
the amplifier 
from damaging 
conditions. 


~ 
RV1 
? (Optional) 
--'--- 
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OPA512BM 
OPA512SM 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET VOLTAGE 
Initial Offset 
±2 
±6 
±1 
±3 
mV 


vs Temperature 
Specified Temp. Range 
±10 
±65 
±40 
jlV/oC 


vs Supply Voltage 
±30 
±200 
jlVN 


V$ Power 
±20 
I 
jlVN 


INPUT BIAS CURRENT 
Initial 
12 
30 
10 
20 
nA 


V$ Temperature 
Specified Temp. Range 
±50 
400 
pArC 


vs Supply Voltage 
±10 
pAN 


INPUT OFFSET CURRENT 
Initial 
±12 
±30 
±5 
±10 
nA 


V$ Temperature 
Specfied Temp. Range 
±50 
pArC 


INPUT IMPEDANCE, 
DC 
200 
MO 


INPUT CAPACITANCE 
3 
. 
pF 


VOLTAGE 
RANGE 
Common-Mode 
Voltage 
Specified Temp. Range 
±(IVsl-5) 
±(IVsl-3) 
V 
Common-Mode 
Rejection 
Specified Temp. Range 
74 
100 
dB 


GAIN 
Open-Loop 
Gain at 10Hz 
lknLoad 
110 
dB 
Specified Temp. Range 
SO Load 
96 
10S 
dB 
Gain-Bandwidth 
Product, 1MHz 
SO Load 
4 
MHz 
Power Bandwidth 
SO Load 
13 
20 
kHz 
Phase Margin 
Specified Temp. Range 
SO Load 
20 
Degrees 


OUTPUT 
Voltage Swing (1) 
BM at lOA, SM at 15A 
±(IVsl-6) 
±(IVsl-7) 
V 
Specified Temp. Range 
10: SOmA 
±(IVsl-5) 
V 
10:5A 
±(IVsl-5) 
V 
Current, Peak 
10 
15 
A 
Settling Time to 0.1% 
2V Step 
2 
jlS 


Slew Rate 
2.5 
4 
V/jls 
Capacitive 
Load 
Specified Temp. Range 
G .1 
1.5 
nF 
Specified Temp. Range 
G> 10 
SOAI') 


POWER SUPPLY 
Voltage 
Specified Tamp. Range 
±10 
±40 
±45 
±50 
V 
Current, Quiescent 
25 
50 
35 
mA 


THERMAL 
RESISTANCE 
AC Junction-to-Case(3) 
Tc = -55°C 
to +125°C, 


f> 60Hz 
O.S 
0.9 
°CIW 
DC Junction·le-Case 
Tc :-55OC 
to +125°C 
1.25 
1.4 
°CIW 
Junction to Air 
Tc' 
-55°C to +125°C 
30 
°CIW 


TEMPERATURE 
RANGE 
Specified 
Tc 
-25 
+S5 
-55 
+125 
°C 


·Specification 
same as OPA512BM. 
NOTES: (1) +Vs and -Vs 
denote the postive and negative supply voltage, respectively. 
Total Vs is measured from +Vs to -Vs. 
(2) SOA = Safe Operating Area. 


(3) Rating applies 
if the output current alternates between both output transistors at a rate faster than 60Hz. 


The information provided herein is believed to be reliable; however, BURR~BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility 
for the use of this fnformatlon, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR~BROWN product for use in life support devices and/or systems. 
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Supply Voltage, +Vs to -Vs 
100V 
Output Current: 
Source. 
. 
1SA 
Sink. 
. 
. 
see SOA 


Power 
Dissipation, 
Internal(1) 
... 125W 
Input Voltage: Differential............ 
.. 
. 
±(IVsl- 
3V) 


Common-mode. 
. 
±Vs 


Temperature: 
Pins (soldering, 
1Os) 
... +300"C 


Junction(1) 
... +200°C 


Temperature 
Range: Storage(21 
-6SoC to +lSOoC 


Operating (Case) 
-55°C to +12SoC 


NOTES: 
(1) Long term operation 
at the maximum 
junction temperature 
will 


result in reduced 
product 
life. Derate 
internal 
power dissipation 
to achieve 
high MTIF. 
(2) OPAS12BM, -55°C to +100°C. 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


OPAS12BM 
B-pin TQ-3 
-25°C 
to +85°C 
OPAS12SM 
B-pin TO-3 
-55°C 
to +125°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER") 


OPAS12BM 
B-Pin TO-3 
030 


OPAS12SM 
B-Pin TO-3 
030 
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TYPICAL PERFORMANCE CURVES 
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Case Temperature, 
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TYPICAL PERFORMANCE CURVES (CONT) 
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Frequency, f (Hz) 
Frequency, 
f (HZ) 


QUIESCENT 
CURRENT 
OUTPUT VOLTAGE SWING 
1.6 
6 


1.4 
~ 5 


1.2 
Tc:-25°C 
t 
.S' 


Te""+25°C 
(/) 
4 
-g 
E 
1.0 
e 
-Vo 
~ 
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APPLICATIONS INFORMATION 


POWER 
SUPPLIES 


Specifications 
for the OPA5l2 
are based 
on a nominal 
operating voltage of ±40V. A single power supply or unbal- 
anced supplies may be used as long as the maximum 
total 
operating voltage (total of +Vs and -Vs) is not greater than 
90V (IOOV for OPA512SM 
model.) 


Current limit resistors 
must be provided 
for proper opera- 
tion. Independent 
positive and negative current limit values 
may be selected by choice of ReL+ and ReL-' respectively. 
Resistor values are calculated 
by: 


RCL = 0.65/IUM (amps) -0.007 


This is the nominal current limit value at room temperature. 
The maximum output current decreases at high temperature 
as shown 
in the typical 
performance 
curve. 
Most 
wire- 
wound resistors are satisfactory, 
but some highly inductive 
types may cause loop stability problems. Be sure to evaluate 
performance 
with the actual resistors to be used in produc- 
tion. 


Power amplifiers are rated by case temperature 
(not ambient 
temperature.) 
The maximum allowable power dissipation 
is 


a function 
of the case temperature 
as shown in the power 
derating curve. Load characteristics, 
signal conditions, 
and 
power supply voltage determine the power dissipated by the 
amplifier. 
The case temperature 
will be determined 
by the 
heat 
sinking 
conditions. 
Sufficient 
heat sinking 
must be 
provided 
to keep the case temperature 
within safe bounds 


given the power dissipated 
and ambient 
temperature. 
See 
Application 
Bulletin AB-038 for further details. 


SAFE OPERATING 
AREA (SOA) 


The safe area plot provides a comprehensive 
summary of the 
power handling 
limitations 
of a power amplifier, 
including 
maximum current, voltage and power as well as the second- 
ary breakdown 
region (see Figure I). It shows the allowable 
output current as a function 
of the power supply to output 
voltage 
differential 
(voltage 
across the conducting 
power 
device.) 
See Application 
Bulletin 
AB-039 
for details 
on 
SOA. 


The voltage-current 
(V-I) limiter circuit provides a means to 
protect 
the amplifier 
from SOA damage 
such as a short 
circuit to ground, 
yet allows high output currents 
to flow 


15 


10 
8 
6 
5 
~ ; 
E 
~ 
2 
o 
1.5 


.....• 
::.... 
Thermal 
Limit 
I\J \1 


I 
5ms 
t~ 1ms 


_Tc==+125°C- 
............ 
.••..•••• 
1'-0.5~~~ 


I 
I 
..x.... 
..•.....•.•. 
.••...• 
1\ 
I-- 
Tc: 
~25°C 
...." ..-.....• 


Tc: 
+85°C- 
.....• 
~ 


S~nda~ 
Br~ak?O~n 
!O~ 


0.5 
0.4 
0.3 


0.2 
5 


under normal load conditions. 
Sensing both the output cur- 
rent and the output voltage, this limiter circuit increases the 
current 
limit value 
as the output 
voltage 
approaches 
the 
power supply voltage (where power dissipation is low.) This 
type of limiting is achieved 
by connecting 
pin 7 through a 
programming 
resistor to ground. The V-I limiter circuit is 
governed 
by the equation: 


0.28 Vo 
0.65 +-0-- 
2 
+ Ry, 


RCL + 0.007 


where: 


IuMrr is the maximum 
current 
available 
at a given output 
voltage. 


RVI is the value (ill) of the resistor from pin 7 to ground. 


ReL is the current limit resistor in ohms. 


V0 is the instantaneous 
output voltage in volts. 


Reactive 
or EMF-generating 
loads may produce 
unusual 
(perhaps undesirable) 
waveforms 
with the V-I limit circuit 
driven into limit. Since current peaks in a reactive load do 
not align with the output voltage peaks, the output waveform 
will 
not 
appear 
as a simple 
voltage-limited 
waveform. 


Response 
of the load to the limiter, in fact, may produce a 
"backfire" 
reaction producing 
unusual output waveforms. 
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High Power Monolithic 
OPERATIONAL 
AMPLIFIER 


FEATURES 


• 
POWER 
SUPPLIES 
TO ±40V 


• 
OUTPUT 
CURRENT 
TO lOA PEAK 


• 
PROGRAMMABLE 
CURRENT 
LIMIT 


• 
INDUSTRY·STANDARD 
PIN OUT 


• 
FET INPUT 


• 
TO-3 AND LOW-COST 
POWER 
PLASTIC 
PACKAGES 


The OP A541 is a power operational 
amplifier capable 
of operation 
from power 
supplies 
up to ±40V 
and 
delivering continuous 
output currents up to SA. inter- 
nal current 
limit circuitry 
can be user-programmed 
with a single external resistor, protecting the amplifier 
and load from fault conditions. 
The OPA541 is fabri- 
cated using a proprietary 
bipolarlFET 
process. 


Pinout is compatible 
with popular hybrid power am- 
plifiers such as the OPA511, 
OPA512 and the 3573. 


• 
MOTOR 
DRIVER 


• 
SERVO 
AMPLIFIER 


• 
SYNCHRO 
EXCITATION 


• 
AUDIO AMPLIFIER 


• 
PROGRAMMABLE 
POWER 
SUPPLY 


The OPA541 uses a single current-limit 
resistor to set 
both the positive and negative current limits. Applica- 
tions currently 
using hybrid power amplifiers 
requir- 
ing two current-limit 
resistors need not be modified. 


The OPA541 
is available 
in an II-pin 
power plastic 
package 
and an industry-standard 
8-pin 
TO-3 
her- 
metic package. The power plastic package has a cop- 
per -lead frame to maximize 
heat transfer. 
The TO- 3 
package is isolated from all circuitry, allowing it to be 
mounted directly to a heat sink without special insula- 
tors. 
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International 
Airport 
Industrial 
Pari< 
• 
Mailing Address: 
PO Box 11400 
• 
TUClOn, AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 
Tel: (520)746-1111 
• 
Twx: 910-952·1111 
• 
cable: 
BBRCORP 
• 
Telex: 066-0491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Info: (800) 54H132 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


OPA541AMlAP 
OPA541BMlSM 


PARAMETER 
CONOmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET 
VOLTAGE 


Vos 
±2 
±10 
±0.1 
±1 
mV 
vs Temperature 
Specified Temperalure 
Range 
±20 
±40 
±15 
±30 
/lVrC 
vs Supply Vollage 
Vs - ±10V 10 ±V""" 
±2.5 
±10 
. 
/lVN 
vs Power 
±20 
±60 
/lVIW 


INPUT BIAS CURRENT 
I. 
4 
50 
pA 


INPUT OFFSET 
CURRENT 


105 
±1 
±30 
pA 


Specified Temperature 
Range 
5 
nA 


INPUT CHARACTERISTICS 
Common-Mode 
Voltage Range 
Specified Temperature 
Range 
±IIVsl- 
6) 
±(IVsl- 
3) 
V 
Common-Mode 
Rejection 
VCM = (I±Vsl- 
6Y) 
95 
113 
dB 
Input Capacitance 
5 
pF 
Input Impedance, 
DC 
1 
Tn 


GAIN CHARACTERISTICS 
Open Loop Gain at 10Hz 
RL= 6n 
90 
97 
dB 
Gain-Bandwidth 
Product 
., 
1.6 
MHz 


OUTPUT 
Voltage Swing 
10"" SA, Continuous 
±(IVsl- 
5.5) 
±(IVsl-4.5) 
V 


10= 2A 
±(IVsl- 
4.5) 
±(IVsl- 
3.6) 
V 


10= 0.5A 
±(IVsl- 
4) 
±(IVsl- 
3.2) 
V 
Current, 
Peak 
9 
10 
A 


AC PERFORMANCE 
Slew Rale 
6 
10 
V//ls 


Power Bandwidth 
RL - an. Vo = 20Vrms 
45 
55 
1- 
kHz 
Settling Time to 0.1% 
2V Slep 
2 
JlS 
Capacitive 
Load 
Specified Temperature 
Range, G ::: 1 
3.3 
nF 
Specified Temperature 
Range, G >10 
SOAI') 


Phase Margin 
Specified Temperature 
Range, RL II: 80 
40 
Degrees 


POWER SUPPLY 
Power Supply Voltage, ±Vs 
Specified Temperature 
Range 
±10 
±30 
±35 
±35 
±40 
V 
Current, Quiescent 
20 
25 
mA 


THERMAL 
RESISTANCE 


8'0 (Junction-lo-Case)12) 
AC Output f > 60Hz 
2.5 
·CIW 


8JC(2} 
DC Outpul 
3 
·CIW 


8JA (Junction-la-Ambient) 
No Heal Sink 
40 
"e1W 
OPA541 AP (Plaslic) 
40 
·CIW 


TEMPERATURE 
RANGE 


TeASE 
AM, BM, AP 
-25 
+85 
·C 


SM 
-55 
+125 
·C 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and 5pccifications 
are SUbject 
to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Supply Voltage, +Vs to -Vs 
80V 
Output 
Current 
. 
5ee SOA 


Power 
Dissipation, 
Internal(1) 
125W 
Input Voltage: Differential.. 
. 
±VS 


Common-mode 
_ 
. 
±VS 


Temperature: 
Pin solder, 
105 
+300°C 


Juncnon(1) 
_ 
+150°C 


Temperature 
Range: 


AM, BM SM 
Storage 
-65°e 
to +150oe 
Operating 
(case) 
-55°e 
to +125°e 


AP 


Storage 
-40oe 
to +85°e 
Operating 
(case) 
-25°e 
to +85°e 


NOTE: 
(1) Long term operation 
at the maximum 
junction temperature 
will 
result in reduced 
product life. Derate 
internal power dissipation 
to achieve 


high MTIF. 


BURR 
- BROWNe 


1E3E31 


PAD 
FUNCTION 


11 
Ne 


12 
Current 
Sense 


13 
+Vs 


14 
+Vs 


15 
+Vs 


16 
+Vs 


17 
Current 
Sense 
18 
Output Drive 
19 
Output Drive 
20 
Output 
Drive 


21 
Output 
Drive 


NOTE: 
For full output current capability, 
wire-bond 
all like connections 
of +Vs. 
-Vs and Output Drive. 
Substrate 
B18s: Electrically connected to -Vs supply. 


FUNCTION 
Ne 
-Vs 
-Vs 
-Vs 
-Vs 
Ne 
-In 
+In 
Ne 
Ne 


MilS 
(0.001") 
MilliMETERS 


Die Size 
213 x 205±5 
5.41 x 5.21 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.1 xO.1 


Backina 
Chromium-Silver 


TEMPERATURE 
CONTINUOUS 
MODEL 
PACKAGE 
RANGE 
CURRENT 


OPA541AP 
Power 
Plastic 
-25°e 
to +85°e 
5A at 25°e 
OPA541AM 
TO-3 
-25°e 
to +85°e 
5A at 25°e 


OPA541BM 
TO-3 
-25°e 
to +85°e 
5A at 25°e 
OPA541SM 
TO-3 
-55°e 
10 +125°e 
5A at 25°e 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


OPA541AP 
Power 
Plastic 
242 
OPA541AM 
TO-3 
030 
OPA541BM 
TO-3 
030 
OPA541SM 
TO-3 
030 


100 


10 
<' 
.s 
"~" 
() 
~ 
0.1 
m 
" 
Co 
.f; 


0.01 


0.001 
-25 
25 
50 
75 


Temperature (0G) 


.2 
1.1 
~ 
<ii 
§ 0.9 
z 


40 
50 
60 
70 


+Vs + I-Vsl (V) 


110 


90 


iil 
70 
~ 
c 
.<ij 
Cl 
50 
•. 
'"~ 
0 
30 
> 


10 


III I 
III I I 
III I 
III I I 
III I 
III I I 


i'. 
Phase 
ZL :2kn 


III 
~ 
'III 
ZL - 3.3nF -'\ 
m. 
I II 
rGain 
I II 
ZL = 2kn 
NIIII 


Z; ,~3'3~~lt 


o 
-45 


-90 
'"~ 
-135 
lil' 


-180 e. 


~ 
a. 


100 
1k 
10k 
100k 
1M 


Frequency (Hz) 


6 


5 


~ 
4 
l 
I 


>'" 
.±!. 


0 


0 
456 


'OUT 
(A) 


~•. 
.'"0 
0.1 
z 
+ 
0 
J:l- 


0.01 


lk 


Frequency (Hz) 
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NOTE: These are averaged values. 
-lour 
is typically 
10"10 higher. 


+IOUT 
is typically 10% lower. 


I 


120 


110 


100 
m 
:!1. 
90 
a:a: 
::;; 
80 
() 


70 


60 


- 
r- 
r- 


= 
l- 
I- 


- 
I-- 
I-- 


f'.. 
- 
- 
l- 
I- 
I- 


- 
- 
l- 
I-- 
I-- 


~ 
- 
- 
D 
I- 


- 
- 
- 
l- 
I-- 


- 
- 
- 
'- 
~ 


100 
1k 
10k 
100k 


Frequency (Hz) 
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, " 
Power Plastic at 
25°C 
Power Plastic at +8S0C 


_ 
TO-3at-2 


5°C 
"-"- 
'"," 


TO-3 at +8SOC~ 
~ ... 


, 


"' 


- 
NOTE: 
These 
are averaged 
values. 
"", .•.. 


- 
-lour 
is typically 
10"10 higher. 


-,""" 
- 
+lour 
is typically 
10"10 lower. 


r I IIIIIII 
I I IIIIII 
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For Immediate Assistance, Contact YourLocal Salesperson 


INSTAllATION 
INSTRUCTIONS 


POWER 
SUPPLIES 


The OPAS41 is specified for operation from power supplies 
up to ±40Y. It can also be operated from unbalanced 
power 


supplies or a single power supply, as long as the total power 
supply voltage 
does not exceed 
80Y. The power supplies 
should be bypassed 
with low series impedance 
capacitors 
such as ceramic or tantalum. These should be located as near 
as practical 
to the amplifier's 
power 
supply 
pins. 
Good 
power amplifier circuit layout is, in general, like good high 
frequency 
layout. Consider 
the path of large power supply 
and output currents. 
Avoid routing these connections 
near 
low-level 
input circuitry 
to avoid waveform 
distortion 
and 
oscillations. 


CURRENT 
LIMIT 


Internal 
current 
limit 
circuitry 
is controlled 
by a single 
external resistor, RcL' Output load current flows through this 
external 
resistor. 
The current 
limit is activated 
when the 
voltage across this resistor is approximately 
a base-emitter 
turn-on 
voltage. 
The value of the current 
limit resistor 
is 
approximately: 


RcL = 0.809 
- 0.OS7 
IluMI 


RcL = 0.813 
- 0.02 


IluMI 


Because of the internal structure of the OP AS4l, the actual 
current 
limit 
depends 
on whether 
current 
is positive 
or 
negative. The above RcL gives an average value. For a given 
RcL, +IoUT will actually be limited at about 10% below the 
expected level, while -lOUT will be limited about 10% above 
the expected 
level. 


The current limit value decreases 
with increasing 
tempera- 
ture due to the temperature 
coefficient 
of a base-emitter 
junction 
voltage. Similarly, the current limit value increases 
at low temperatures. 
Current limit versus resistor value and 
temperature 
effects are shown in the Typical Perfornlance 
Curves. Approximate 
values for RcL at other temperatures 
may be calculated 
by adjusting RcL as follows: 


-2mY 
toRcL = -- 
x (T - 2S) 
IluMI 


The adjustable current limit can be set to provide protection 
from short circuits. The safe short-circuit 
current depends on 
power supply voltage. See the discussion on Safe Operating 
Area to determine 
the proper current limit value. 


Since the full load current 
flows through RcL' it must be 
selected for sufficient 
power dissipation. 
For a SA current 
limit on the TO- 3 package, 
the formula 
yields an RCL of 
O.lOSQ (0.143Q on the power plastic package due to differ- 
ent internal resistances). 
A continuous 
SA through O.lOSQ 
would 
require an RcL that can dissipate 
2.625W. 


Sinusoidal .outputs create dissipation 
according 
to rms load 
current. For the same RcL' AC peaks would still be limited 
to SA, but rms current would be 3.SA, and a current limiting 
resistor 
with a lower power 
rating 
could be used. 
Some 
applications 
(such as voice amplification) 
are assured 
of 
signals 
with much lower 
duty cycles, 
allowing 
a current 
resistor with a low power rating. Wire-wound 
resistors may 
be used for RcL' Some wire-wound 
resistors, however, have 
excessive 
inductance 
and may cause 
loop-stability 
prob- 
lems. Be sure to evaluate circuit performance 
with resistor 
type planned for production 
to assure proper circuit opera- 
tion. 


HEAT SINKING 


Power amplifiers are rated by case temperature, 
not ambient 
temperature 
as with signal op amps. Sufficient heat sinking 
must be provided to keep the case temperature 
within rated 


limits 
for the maximum 
ambient 
temperature 
and power 
dissipation. 
The thermal resistance of the heat sink required 
may be calculated 
by: 


TeASE - 
TAMBIENT 
8HS = ------- 
PD (max) 


Commercially 
available heat sinks often specify their ther- 
mal resistance. 
These ratings 
are often suspect, 
however, 
since they depend greatly on the mounting environment 
and 
air flow conditions. 
Actual thermal performance 
should be 
verified 
by measurement 
of case 
temperature 
under 
the 
required load and environmental 
conditions. 


No insulating 
hardware 
is required 
when using the TO-3 
package. 
Since mica and other similar insulators 
typically 
add approximately 
0.7°CfW 
thermal resistance, 
their elimi- 
nation significantly improves thermal performance. 
See Burr- 
Brown Application 
Bulletin AB-038 
for further details on 
heat sinking. On the power plastic package, the metal tab is 
connected 
to -Ys, and appropriate 
actions should be taken 
when mounting 
on a heat sink or chassis. 


SAFE OPERATING 
AREA 


The safe operating area (SOA) plot provides comprehensive 
information 
on the power handling abilities of the OP AS41. 
It shows the allowable 
output current 
as a function 
of the 
voltage across the conducting 
output transistor 
(see Figure 
I). This voltage is equal to the power supply voltage minus 
the output 
voltage. 
For example, 
as the amplifier 
output 
swings near the positive power supply voltage, the voltage 
across the output 
transistor 
decreases 
and the device 
can 
safely provide large output currents demanded 
by the load. 


BURR-BROWNe 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 
APPLICATIONS CIRCUITS 


- 
Tc 
+25°C 
- 


Tc - +85°1 
- 
..••..•.... 


J 
~ 
Tc = +125°C 
.....•. 


"M" Package 
only 


AP,AM 


Bi'i 
M 


Short circuit protection 
requires evaluation 
of SOA, When 
the amplifier 
output 
is shorted 
to ground, 
the full power 
supply voltage 
is impressed 
across the conducting 
output 
transistor. The current limit must be set to a value which is 
safe for the power supply voltage used, For instance, with Vs 
±35V, a short to ground would force 35V across the conduc- 
ting power transistor. A current limit of I,8A would be safe, 


Reactive, or EMF-generating, 
loads such as DC motors can 
present difficult SOA requirements. 
With a purely reactive 
load, output voltage and load current are 90° out of phase. 
Thus, peak output current occurs when the output voltage is 
zero and the voltage across the conducting 
transistor is equal 
to the full power supply voltage. See Burr-Brown 
Applica- 
tion Bulletin AB-039 for further information 
on evaluating 
SOA. 


REPLACING 
HYBRID 
POWER 
AMPLIFIERS 


The OPA541 
can be used in applications 
currently 
using 
various 
hybrid 
power 
amplifiers, 
including 
the OPA501, 


OPA511, 
OPA512, 
and 3573. 
Of course, 
the application 
must be evaluated 
to assure that the output capability 
and 
other performance 
attributes of the OPA54 I meet the neces- 
sary requirement. 
These hybrid power amplifiers 
use two 
current limit resistors to independently 
set the positive and 
negative 
current 
limit value. Since the OPA541 
uses only 
one current limit resistor to set both the positive and negative 
current 
limit, 
only 
one resistor 
(see Figure 
4) need 
be 
installed. If installed, the resistor connected 
to pin 2 (TO- 3 
package) 
is superfluous, 
but it does no harm. 


Because 
one resistor carries the current previously 
carried 
by two, the resistor 
may require 
a higher 
power 
rating. 
Minor adjustments 
may be required in the resistor value to 
achieve the same current limit value. Often, however, 
the 
change in current limit value when changing models is small 
compared 
to its variation 
over temperature. 
Many applica- 
tions can use the same current limit resistor. 
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Inductive 
or 
L 
EMF-Generating 


Load 


Not Required 


1- - - _"/\,\_ 
- --1 


12 
: 
, 


+IV 


Digital Word 
Input 
18 


1 
MSB 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


"7" 


~1~F 


-35V 
DAC702 
+15V 


+ 


I1~F 


"7" 


LSB 


VOUT 
:: 


-30Vlo 
+30V 


"TCR 
Tracking 
Resistors 


4 


5krl" 


~1~F 


-15V 
"7" 
"7" 
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BURR - BROWN® 
IElElI 


High-Voltage, 
High-Current 
OPERATIONAL 
AMPLIFIER 


• 
HIGH OUTPUT 
CURRENT: 
2A min 


• 
WIDE POWER SUPPLY 
RANGE: 
±10to 
±35V 


• 
SLEW RATE: 8V1lls 


• 
INTERNAL 
CURRENT 
LIMIT 


• 
THERMAL 
SHUTDOWN 
PROTECTION 


• 
FET INPUT: I. = 100pA 
max 


• 
5-LEAD 
TO-220 PLASTIC 
PACKAGE 


• 
5-LEAD 
SURFACE 
MOUNT PACKAGE 


The 
OPA544 
is a high-voltagelhigh-current 
opera- 
tional amplifier suitable for driving a wide variety of 
high power 
loads. 
High performance 
FET op amp 


circuitry and high power output stage are combined on 
a single monolithic 
chip. 


The OPA544 is protected by internal current limit and 
thermal shutdown 
circuits. 


The 
OPA544 
is 
available 
in 
industry-standard 


5-lead TO-220 and 5-lead surface-mount 
power pack- 
ages. Its copper tab allows easy mounting 
to a heat 
sink for excellent thermal performance. 
It is specified 


for operation over the extended industrial temperature 
range, --40°C to +85°C. 


• 
MOTOR DRIVER 


• 
PROGRAMMABLE 
POWER SUPPLY 


• 
SERVO AMPLIFIER 


• 
VALVES, 
ACTUATOR 
DRIVER 


• 
MAGNETIC 
DEFLECTION 
COIL DRIVER 


• 
AUDIO AMPLIFIER 


5-Lead TC-220 
and 
Stagger-Formed 
TO-220 
I 


I 
I 
I 
I 
I 
VtN 
V- 
V+ 


VjN 
Vo 


I I 
I I 
I 
VIr., 
v- 
V+ 


VjN 
Vo 


Imematlonal 
Airport 
Industrial 
Park 
' 
Mailing Address: 
PO Box 11400 
• 
Tucson, 
AZ 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 


Tel: (520)746-1111 
• 
TW><:9111-952·1111 
• 
Cable: BBRCORP 
, 
Telex: 066-6491 
• 
FAX: (520) 889·1510 
• 
Immediate 
Producllnto: 
(BOO) 548-6132 
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SPECIFICATIONS 


OPA544T 
. 


OPA544T·1 
OPA544F 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
±1 
±5 
mV 


V$ Temperature 
Specified Temperature 
Range 
±10 
~vrc 
vs Power Supply 
Vs = ±10V to ±35V 
±10 
±100 
~VN 


INPUT BIAS CURRENT(') 
Input Bias Current 
VCM= OV 
±15 
±100 
pA 


V$ Temperature 
See Typical Curve 
Inpul Offset Current 
VCM= OV 
I 
±10 
±100 
pA 


NOISE 
Input Voltage Noise 
Noise Density, f = 1kHz 
36 
nVNHz 
Current Noise Density, f = t kHz 
3 
-- 
fANHz 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range, Positive 
Linear Operation 
(V+) -{j 
(V+)-4 
V 


Negative 
Linear Operation 
(V-) +6 
(V-) +4 
V 


Common-Mode 
Rejection 
VCM=±VS-{jV 
90 
106 
dB 


INPUT IMPEDANCE 
Differential 
1012118 
o IIpF 


Common-Mode 
10"1110 
o IIpF 


OPEN-LOOP 
GAIN 


Open-Loop 
Voltage Gain 
Vo= ±30V, RL = 1kn 
90 
103 
dB 


FREQUENCY 
RESPONSE 


Gain Bandwidth 
Product 
RL = 150 
1.4 
MHz 
Slew Rate 
60Vp-p, RL = 150 
5 
8 
VI~s 


Full-Power Bandwidth 
See Typical Curve 


Settling Time 
0.1% 
G = -10, 60V Step 
I 
25 
I 
~ 
Total Harmonic Distortion 
See Typical Curve 
- 


OUTPUT 
Voltage Output, Positive 
10=2A 
(V+)-5 
(V+) -4.4 
V 


Negative 
10=2A 
(V-) +5 
(V-) +3.8 
V 


Positive 
10= 0.5A 
(V+)-4.2 
(V+)-3.8 
r, 
V 


Negative 
10= 0.5A 
(V-) +4 
(V-) +3.1 
. 
V 
Current Output 
See SOA Curves 
Short-Circuit 
Current 
4 
A 


POWER SUPPLY 
Specified Operating Voltage 
±35 
V 
Operating Voltage Range 
±10 
±35 
V 
Quiescent Current 
10.0 
±12 
±15 
mA 


TEMPERATURE 
RANGE 


Operating 
-40 
+85 
'C 
Storage 
-40 
+125 
·c 


Thermal Resistance, 
8JC 
f>50Hz 
2.7 
'CIW 
Thermal Resistance, 
8JC 
DC 
3 
'CIW 
Thermal Resistance, 
8JA 
No Heat Sink 
65 
'CIW 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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5-Lead To-220 
and 
Stagger-Formed 
TO-220 


I I 
I I 
I 
ViN 
V- 
V+ 
ViN 
Vo 


Supply Voltage, V+ to V- 
70V 
Oulput Current 
See SOA Curve 
Inpul Voltage 
(V-) -{J.7V 10 (V+) +0.7V 


Operating 
Temperature. 
. 
-40°C 
to +125°C 
Storage Temperature 
-40°C 
to +125°C 
Junction Temperature 
150°C 
Lead Temperature 
(soldering -105)(1) 
._ 
300°C 


NOTE: 
(1) Vapor-phase 
or IR reflow techniques 
are recommended 
for solder- 
ing the OPA544F 
surface 
mount package. 
Wave soldering is not recommended 
due to excessive 
thermal 
shock and ~shadowin9" of nearby 
devices. 
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PAD 
FUNCTION 


1 
+In 


2 
-In 
3A, 3B, 3C 
V- 


4A,4B 
Vo 
5A, 5B, 5C 
V+ 


MILS (0.001 ") 
MILLIMETERS 


Die Size 
159 x 162 ±5 
4.04 x 4.11 ±0.13 


Die Thickness 
14±3 
0.36±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backina 
Chromium-Silver 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


OPA544T 
5-Lead TO-220 
315 


OPA544T-1 
5-Lead Stagger-Formed 
TO-220 
323 


OPA544F 
5-Lead 
Surface-Mount 
325 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes could cause the device not to meet its 


published 
specifications. 
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T CASE 
'" +25°C, 
Vs = ±35V 
unless otherwise 
noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 


Figure 
I shows 
the OPA544 
connected 
as a basic 
non- 
inverting 
amplifier. 
The OPA544 
can be used in virtually 
any op amp configuration. 
Power supply terminals should be 
bypassed 
with low series impedance 
capacitors. 
The tech- 
nique shown, using a ceramic and tantalum type in parallel 
is recommended. 
Power 
supply 
wiring 
should 
have low 
series impedance 
and inductance. 


V- 
-35V 


FIGURE 
I. Basic Circuit Connections. 


Stress on the output transistors 
is determined 
by the output 
current and the voltage across the conducting 
output transis- 
tor, Vs- Vo. The power dissipated by the output transistor is 
equal to the product of the output current and the voltage 
across the conducting transistor, Vs- Yo. The Safe Operating 
Area (SOA curve, Figure 2) shows the permissible 
range of 
voltage and current. 


The safe output current decreases as Vs- V0 increases. Output 
short-circuits are a very demanding case for SOA. A short-circuit 
to ground forces the full power supply voltage (V+ or V-) across 
the conducting transistor. With Vs=±35V the safe output current 
is 1.5A (at 25T). The short-circuit current is approximately 4A 
which exceeds the SOA. This situation will activate the thermal 
shutdown circuit in the OPA544. For further insight on SOA, 
consult Application Bulletin AB-039. 


Current·Limited 
..•.•.. 


Tc = 25°C 
I 
'\-... 


Output 
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FIGURE 2. Safe Operating Area. 


The OPA544 
has an internal current limit set for approxi- 
mately 
4A. This current 
limit 
decreases 
with increasing 
junction 
temperature 
as shown in the typical curve, Current 
Limit vs Temperature. 
This, in combination 
with the thermal 
shutdown 
circuit, provides 
protection 
from many types of 
overload. 
It may not, however, 
protect for short-circuit 
to 
ground, 
depending 
on the power supply voltage, 
ambient 
temperature, 
heat sink and signal conditions. 
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POWER 
DISSIPATION 


Power dissipation depends on power supply, signal and load 
conditions. 
For de signals, power dissipation 
is equal to the 
product of output current times the voltage across the con- 
ducting 
output 
transistor. 
Power 
dissipation 
can be mini- 
mized by using the lowest possible 
power supply voltage 
necessary 
to assure the required output voltage swing. 


For resistive loads, the maximum 
power dissipation 
occurs 
at a de output voltage of one-half the power supply voltage. 
Dissipation 
with ac signals is lower. Application 
Bulletin 
AB-039 explains how to calculate 
or measure power dissi- 
pation with unusual signals and loads. 


Most 
applications 
require 
a heat sink to assure 
that the 
maximum 
junction 
temperature 
is not exceeded. 
The heat 
sink 
required 
depends 
on the power 
dissipated 
and 
on 
ambient 
conditions. 
Consult 
Application 
Bulletin 
AB-038 
for information 
on determining 
heat sink requirements. 


The mounting 
tab of the surface-mount 
package 
version 
should be soldered to a circuit board copper area for good 
heat dissipation. 
Figure 3 shows typical thermal resistance 
from junction 
to ambient as a function of the copper area. 


THERMAL 
PROTECTION 


The OPAS44 has thermal shutdown that protects the ampli- 
fier from damage. 
Any tendency 
to activate 
the thermal 
shutdown 
circuit during normal 
operation 
is indication 
of 
excessive 
power dissipation 
or an inadequate 
heat sink. 


The thermal protection activates at a junction temperature 
of 
approximately 
ISS-C. For reliable operation, junction 
tem- 
perature should be limited to ISO'C, maximum. To estimate 
the margin of safety in a complete 
design (including 
heat 
sink), increase 
the ambient 
temperature 
until the thermal 
protection 
is activated. Use worst-case 
load and signal con- 
ditions. For good reliability, 
the thermal protection 
should 
trigger more than 2S'C above the maximum expected ambi- 
ent condition 
of your application. 
This produces 
a junction 
temperature 
of 12S'C at the maximum 
expected 
ambient 
condition. 
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Depending 
on load and signal conditions, 
the thermal pro- 
tection circuit may produce a duty-cycle 
modulated 
output 
signal. This limits the dissipation 
in the amplifier, 
but the 
rapidly varying output waveform may be damaging to some 
loads. The thermal 
protection 
may behave 
differently 
de- 
pending 
on whether 
internal 
dissipation 
is produced 
by 
sourcing or sinking output current. 


The complex 
load impedances 
common 
in power op amp 
applications 
can cause 
output 
stage 
instability. 
Figure 
3 
shows an output series RlC compensation 
network 
(In 
in 
series with O.OlllF) which generally provides excellent 
sta- 
bility. Some variation in circuit values may be required with 
certain loads. 


Some applications do not require equal positive and negative 
output 
voltage 
swing. The power 
supply 
voltages 
of the 
OPAS44 
do not need to be equal. 
For example, 
a -6V 
negative power supply voltage assures that the inputs of the 
OPAS44 
are operated 
within 
their 
linear 
common-mode 
range, and that the output can swing to OV. The V+ power 
supply could range from ISV to 6SV. The total voltage (V- 
to V+) can range from 20V to 70V. With a 6SV positive 
supply voltage, the device may not be protected 
from dam- 
age during short-circuits 
because of the larger VCE during 
this condition. 


Reactive and EMF-generating 
loads can return load current 
to the amplifier, 
causing 
the output voltage to exceed the 
power 
supply 
voltage. 
This 
damaging 
condition 
can 
be 
avoided with clamp diodes from the output terminal to the 
power supplies as shown in Figure 4. Fast-recovery 
rectifier 
diodes with a 4A or greater continuous 
rating are recom- 
mended. 


1---------" 


1 
------- 


1 


1 
I 
I 
I 


FIGURE 3. Thermal Resistance vs Circuit Board Copper Area. 
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PRELIMINARY INFORMATION 


SUBJECT TO CHANGE 
WITHOUT NOTICE 


High-Voltage, 
High-Current 
OPERATIONAL 
AMPLIFIERS 


• 
WIDE SUPPLY 
RANGE 
Single Supply: +8V to +70V 
Dual Supply: ±4V to ±35V 


• 
HIGH OUTPUT 
CURRENT 
OPA547: 
500mA 
OPA548: 
3A 


• 
WIDE OUTPUT VOLTAGE 
SWING 


• 
FULLY PROTECTED: 
Thermal 
Shutdown 
Adjustable 
Current 
Limit 


• 
OUTPUT 
DISABLE CONTROL 


• 
THERMAL 
SHUTDOWN 
INDICATOR 


• 
HIGH SLEW RATE: 10Vl/-ls 


• 
LOW QUIESCENT 
CURRENT: 
8mAOPA547 


• 
7-LEAD STAGGERED 
TO-220 and DDPAK 
SURFACE-MOUNT 
PLASTIC 
POWER 
PACKAGE 


• 
VALVE, ACTUATOR 
DRIVER 


• 
SYNCHRO, 
SERVO DRIVER 


• 
POWER SUPPLIES 


• 
TEST EQUIPMENT 


• 
TRANSDUCER 
EXCITATION 


• 
AUDIO AMPLIFIER 


The OPA547 and OPA548 are low cost, high-voltage/ 
high-current 
operational 
amplifiers 
ideal for driving a 


wide variety of loads. A single laser-trimmed 
mono- 


lithic integrated 
circuit 
provides 
excellent 
low-level 


signal accuracy 
and high output voltage swing. 


The OPA547 
and OPA548 
can operate 
from either 


single or dual supplies for design flexibility. 
In single 
supply operation, 
the input common-mode 
range ex- 
tends below ground. 


The OPA547 and OPA548 are fully protected. Internal 
current 
limit and thermal 
shutdown 
circuits 
prevent 
damage 
from 
over-temperature 
conditions. 
Current 


limit is accurately set from 0 to 750mA (OPA547) and 
from 0 to 5A (OPA548) 
with a single 
low-power 


resistor, RCL' 


The Enable/Status 
(ElS) pin provides 
two functions: 
an input 
on this pin will disable 
the output 
stage 
and/or the output can be monitored to determine if the 
device is in thermal shutdown. 


The OPA547 and OPA548 packages are an industry- 
standard 7-lead staggered TO-220 and a 7-lead DDPAK 
surface-mount 
plastic power package. The copper tab 
allows easy mounting 
to a heat sink or circuit board 
for excellent thermal performance. 
Both products 
are 
specified 
for operation 
over the extended 
industrial 
temperature 
range, -40°C 
to +85°C. 


7-Lead 


Stagger-Formed 
TO·220 


and 
OOPAK 


Surlaee-Mount 


I II II II 
Vj;" 
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V+ 
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Vo 
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RCL 53tS the current limit value 
OPA!i47: 0 to 7S0mA 
OPA548: 0 to SA 
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SPECIFICATIONS 


OPA54TT, F 
OPA548T, 
F 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
VCM= OV 
±1 
±5 
mV 
vs Temperature 
Operating Temperature 
Range 
±10 
J!vrc 


V$ Power Supply 
Vs = ±4V to ±35V 
20 
100 
J!VN 


INPUT BIAS CURRENTt" 
Input Bias Current 
VCM=OV 
100 
500 
nA 
vs Temperature 
0.5 
nArC 
Input Offset Current 
VCM=OV 
10 
50 
nA 


INPUT VOLTAGE 
RANGE 
Common· Mode Input Range 
Linear Operation 
(V-)--{).l 
(V-)--{).21(V+)-2 
(V+)-3 
V 
Common-Mode 
Rejection 
VCM= (V-)-{l.1V 
to (V+)-3V 
80 
90 
dB 


OPEN·LOOP 
GAIN 
Open-Loop 
Voltage Gain, f = 10Hz 
Vo = ±30V, RL= 11<0 
90 
100 
dB 


f= 10Hz 
Vo= ±30V, RL= 60n 
90 
dB 


FREQUENCY 
RESPONSE 
Gain-Bandwidth 
Product 
RL= 60n 
1 
MHz 
Slew Rate 
60Vp-p, RL = 60n 
10 
VlJ!s 


Settling Time: ±O.1 % 
G 2 -10, 60V Step 
10 
J!S 
Total Harmonic Distortion + Noise, f = 1kHz 
RL= 60n 
0.05 
% 


OUTPUT: OPA547 
Voltage Output, Positive 
10= 0.5A 
(V+)-2.5 
(V+)-2 
V 
Negative 
10= 0.5A 
(V-)+2 
(V-)+1.5 
V 
Positive 
10=0.lA 
(V+)-2 
(V+)-1.5 
V 
Negative 
10=0.lA 
(V-)+l 
(V-)+0.7 
V 
Current Output, Continuous 
±500 
mA 
Output Current Limit 
Current Limit Range 
o to ±750 
mA 
Currant Limit Equation 
150 = 5000'4. 75/(31600n 
+ RcJ 
A 
Current Limit 
RCL= 31.6kn 
365 
375 
385 
mA 
Capacitive 
Load Drive (Stable Operation) 
G=+l 
1000 
pF 


OUTPUT: OPA548 
Voltage Output, Positive 
10=3A 
(V+)-3.7 
(V+)-3.3 
V 
Negative 
10=3A 
(V-)+3.5 
(V-)+3 
V 
Positive 
10= 0.6A 
(V+)-2.5 
(V+)-2 
V 
Negative 
10= 0.6A 
(V-)+2 
(V-)+1.5 
V 


Current Output, continuous 
±3 
A 
Output Current Limit 
Current Limit Range 
Oto±5 
A 
Current limit 
Equation 
150 = 15000·4.75/(13750n 
+ RcJ 
A 
Current Limit 
RCL= 14.8kn 
2.4 
2.5 
2.6 
A 
Capacitive 
Load Drive (Stable Operation) 
G=+l 
1000 
pF 


ENABLE /sTATUS 
(EIS) PIN 
Shutdown Input Mode 
VEJSHigh (output enabled) 
ElS Pin Open or Pulled High 
(V-)+2.4 
V+ 
V 
VEJSLow (output disabled) 
ElS Pin Pulled Low 
V- 
(V-)+0.8 
V 
IEJSHigh (output enabled) 
ElS Pin Open or Pulled High 
0 
J!A 
IEJSLow(outpul 
disabled) 
ElS Pin Pulled Low 
100 
J!A 
Thermal Shutdown Status Output 


Normal Operation 
Sourcing up to 20J!A 
(V-)+2.4 
(V-)+3.3 
V 
Thermally Shutdown 
Sinking up to 10J!A 
(V-)+0.2 
(V-)+0.8 
V 
Junction Temperature, 
Shutdown 
+160 
°C 


Reset from Shutdown 
+140 
°C 


POWER SUPPLY 
Specified Operating Voltage 
±35 
V 
Operating Voltage Range 
±4 
±35 
V 
Quiescent Curre~t, OPA547 
ILlM Connected to V- 
±8 
±10 
mA 
OPA548 
ILlM Connected to V- 
±15 
±20 
mA 
Quiescent Current, Shutdown Mode, OPA547 
ILIM Connected to V- 
±2 
mA 
OPA548 
I IU Connected to V- 
±5 
mA 


TEMPERATURE 
RANGE 
Specified Range 
-40 
+85 
°C 


Operating Range 
-40 
+125 
°C 


Thermal Resistance, 
8JC 


f> 50Hz 
(OPA547/0PA548) 
3.5/2.5 
°CIW 
DC 
(OPA547/0PA548) 
4.5/3.5 
°CIW 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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High Speed 
BUFFER AMPLIFIER 


• 
WIDE BANDWIDTH: 
260MHz 


• 
HIGH SLEW RATE: 2500VlJlS 


• 
HIGH OUTPUT 
CURRENT: 
100mA 


• 
LOW OFFSET 
VOLTAGE: 
1.5mV 


• 
REPLACES 
HA-5033 


• 
IMPROVED 
PERFORMANCE/PRICE: 
LH0033, 
LTC1 010, HOS200 


The OPA633 is a monolithic 
unity-gain buffer ampli- 
fier featuring very wide bandwidth and high slew rate. 
A dielectric isolation process incorporating 
both NPN 
and PNP high frequency 
transistors 
achieves 
perfor- 


mance unattainable 
with conventional 
integrated 
cir- 
cuit technology. 
Laser trimming 
provides 
low input 


offset voltage. 


High output current capability 
allows the OPA633 to 
drive son and 7Sn lines, making it ideal for RF, IF 
and video applications. 
Low phase 
shift allows the 
OPA633 
to be used inside amplifier 
feedback 
loops. 


OPA633 is available in a low cost plastic DIP package 
specified for O°C to +7SoC operation. 


• 
OP AMP CURRENT 
BOOSTER 


• 
VIDEO 
BUFFER 


• 
LINE DRIVER 


• 
AID CONVERTER 
INPUT BUFFER 
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OPA633KP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 
Small Signal Bandwidth 
260 
MHz 
Full Power Bandwidth 
Vo = 1Vrms, RL = lkO 
40 
MHz 
Slew Rate 
Vo = 10V, Vs = ±15V, RL = lkQ 
1000 
2500 
VI~s 
Rise Time, 10% to 90% 
Vo = 500mV 
2.5 
ns 
Propagation 
Delay 
1 
ns 
Overshoot 
10 
% 
Settling Time, 0.1% 
50 
ns 
Differential Phase Error (1) 
0.1 
Degrees 
Differential Gain Error (1) 
0.1 
% 
Total Harmonic Distortion 
Vo = lVrms, 
RL = lkO, f = 100kHz 
0.005 
% 
Vo = 1Vrms, RL = 1000, f = 100kHz 
0.02 
% 


OUTPUT CHARACTERISTICS 
Voltage 
TA= 
TM1Nto 
TMAX 
±8 
±10 
V 
RL= 
lkO, Vs=±15V 
±11 
±13 
V 
Current 
±80 
±100 
mA 
Resistance 
5 
0 


TRANSFER 
CHARACTERISTICS 
Gain 
0.93 
0.95 
VN 
RL= 
lkQ 
0.99 
VN 
TA = TM1Nto 
TMAX 
0.92 
0.95 
VN 


INPUT 
Offset Voltage 
T. = +25°C 
±5 
±15 
mV 
TA = TM1Nto 
TMAX 
±6 
±25 
mV 
vs Temperature 
±33 
~V/oC 
vs Supply 
TA = TM1Nto TMAX 
54 
72 
dB 
Bias Current 
TA = +25°C 
±15 
±35 
~A 
TA = TM1Nto 
TMAX 
±20 
±50 
~ 
Noise Voltage 
10Hz to lMHz 
20 
~Vp-p 
Resistance 
1.5 
MO 
Capacitance 
1.6 
pF 


POWER SUPPLY 
Rated Supply Voltage 
Specified Performance 
±12 
V 
Operating Supply Voltage 
Derated Performance 
±5 
±16 
V 
Current, Quiescent 
10= 0 
21 
25 
mA 
10 = 0, TA 
= T MIN 
to 
T MAX 
21 
30 
mA 


TEMPERATURE 
RANGE 
Specification, 
Ambient 
0 
+75 
°C 
Operating, 
Ambient 
-25 
+85 
°C 


(J Junction, 
Ambient 
90 
°CIW 


Top View 


+VS~8 
Out 
NC 
2 
7 
NC 


NC 
3 
6 
Substrate (ground) 


In 
4 
5 
-Vs 


TEMPERATUdE 
RANGE 


DOC to +75°G 


Power Supply, ±Vs 
±20V 
input Voltage V,N 
. 
.. 
+Vs + 2V to -Vs - 2V 
Output Current (peak) 
±200mA 
Internal Power Dissipation (25°C).. 
. 
1.95W 
Junction Temperature 
200°C 
Storage Temperature 
Range 
-40°C 
to +85°C 
Lead Temperature 
(soldering, 
1Os).. 
.... 300°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI" 


OPA633KP 
8-Pin Plastic DIP 
006 
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TYPICAL PERFORMANCE CURVES (CONT) 
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technique 
must be used to achieve optimum 
performance. 
Power 
supply 
connections 
must 
be bypassed 
with 
high 


frequency 
capacitors. 
Many applications 
benefit 
from the 


use of two capacitors 
on each power 
supply-a 
ceramic 
capacitor 
for good high frequency 
decoupling 
and a tanta- 
lum type for lower frequencies. 
They should be located as 
close as possible to the buffer's 
power supply pins. A large 
ground 
plane is used to minimize 
high frequency 
ground 
drops and stray coupling. 


Pin 6 connects to the substrate of the integrated 
circuit and 
should be connected 
to ground. In principle it could al 0 be 
connected 
to +Vs or -V s, but ground 
is preferable. 
The 
additional lead length and capacitance 
associated with sock- 


ets may cause problems in applications 
requiring the highest 


fidelity of high speed pulses. 


Depending 
on the nature of the input source impedance, 
a 
series input resistor may be required for best stability. This 
behavior 
is influenced 
somewhat 
by the load impedance 


(including 
any reactive effects). A value of SOQ to 200Q is 
typical. This resistor should be located close to the OPA633' s 
input pin to avoid stray capacitance 
at the input which could 
reduce 
bandwidth 
(see Gain and Phase versus Frequency 
curve). 


OVERLOAD 
CONDITIONS 


The 
input 
and output 
circuitry 
of the OPA633 
are not 


protected 
from overload. 
When the input signal and load 
characteristics 
are within the devices's 
capabilities, 
no pro- 
tection 
circuitry 
is required. 
Exceeding 
device 
limits can 
result in permanent 
damage. 


The OPA633's 
small package and high output current capa- 


bility can lead to overheating. 
The internal junction tempera- 
ture should 
not be allowed 
to exceed 
ISO°C. Although 


failure 
is unlikely 
to occur 
until 
junction 
temperature 
exceeds 
200°C, 
reliability 
of the part 
will 
be degraded 


significantly 
at such high temperatures. 
Since significant 
heat transfer 
takes place through 
the package 
leads, wide 
printed circuit traces to all leads will improve heat sinking. 
Sockets reduce heat transfer significantly 
and are not recom- 
mended. 


Junction 
temperature 
rise is proportional 
to internal power 
dissipation. 
This can be reduced 
by using the minimum 


supply 
voltage 
necessary 
to produce 
the required 
output 


voltage swing. For instance, 
IV video signals can be easily 
handled 
with 
±SV 
power 
supplies 
thus 
minimizing 
the 
internal power dissipation. 


Output overloads 
or short circuits can result in permanent 


damage 
by causing 
excessive 
output current. The son or 
7SQ series output 
resistor 
used to match line impedance 
will, in most cases, provide adequate protection. 
When this 
resistor is not used, the device can be protected by lirmting 
the power 
supply current. 
See "Protection 
Circuits ..' 


Excessive input levels at high frequency can cause increased 
internal 
dissipation 
and permanent 
damage. 
See the safe 


most cases, by me op amp. When tugh trequency 
mputs can 
exceed safe levels, the device must be protected by limiting 
the power supply current. 


PROTECTION 
CIRCUITS 


The OPA633 can be protected 
from damage due to exces- 
sive currents by the simple addition of resistors in series with 
the power supply pins (Figure Sa). While this limits output 
current, 
it also limits voltage 
swing with low impedance 


loads. This reduction in voltage swing is minimal for AC or 
high crest factor signals since only the average current from 
the power supply causes 
a voltage 
drop across the series 
resistor. 
Short 
duration 
load-current 
peaks 
are 
supplied by the bypass capacitors. 


The circuit of Figure Sb overcomes 
the limitations 
of the 


previous circuit with DC loads. It allows nearly full output 
voltage swing up to its current limit of approximately 
140mA. 


Both circuits require good high frequency 
capacitors 
(e.g., 


tantalum) to bypass the buffer's 
power supply connections. 


CAPACITIVE 
LOADS 


The OPA633 is designed to safely drive capacitive 
loads up 


to 0.011-lF. It must be understood, 
however, 
that rapidly 
changing voltages demand large output load currents: 


ILOAD = CLOAD ~ 
dt 


Thus, a signal slew rate of 1OOOVIllS and load capacitance 
of 
0.011-lFdemands 
a load current of lOA. Clearly maximum 
slew rates cannot be combined 
with large capacitive 
loads. 


Load current 
should be kept less than 100mA continuous 
(200mA peak) by limiting the rate of change of the input 
signal or reducing the load capacitance. 


USE INSIDE A FEEDBACK 
LOOP 


The OPA633 may be used inside the feedback path of an op 
amp such as the OPA602. Higher output current is achieved 
without degradation 
in accuracy. 
This approach 
may actu- 


ally improve 
performance 
in precision 
applications 
by re- 
moving load-dependent 
dissipation from a precision op amp. 
All vestiges of load-dependent 
offset voltage and tempera- 
ture drift can be eliminated 
with this technique. 
Since the 


buffer is placed within the feedback loop of the op amp, its 
DC errors will have a negligible effect on overall accuracy. 
Any DC errors contributed 
by the buffer are divided by the 


loop gain of the op amp. 


The low phase shift of the OPA633 allows its use inside the 
feedback 
loop of a wide variety 
of op amps. 
To assure 
stability, the buffer must not add significant 
phase shift to 


the loop at the gain crossing 
frequency 
of the circuit-the 
frequency at which the open loop gain of the op amp is equal 
to the closed loop gain of the application. 
Thc OPA633 
has 
a typical phase shift of less than 
10° up to 70MHz, 
thus 


making it useful even with wideband 
op amps. 
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The informal/on 
prOVided flere'n 
Is bel/eved to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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Dual High Power 
OPERATIONAL 
AMPLIFIER 


• 
OUTPUT 
CURRENTS 
TO SA 


• 
POWER SUPPLIES 
TO ±40V 


• 
FETINPUT 


• 
ELECTRICALLY 
ISOLATED 
CASE 


• 
MOTOR 
DRIVER 


• 
SERVO AMPLIFIER 


• 
SYNCRO/RESOLVER 
EXCITATION 


• 
VOICE COIL DRIVER 


• 
BRIDGE AMPLIFIER 


• 
PROGRAMMABLE 
POWER SUPPLY 


• 
AUDIO AMPLIFIER 


The OPA2541 
is a dual power operational 
amplifier 
capable of operation from power supplies up to ±40V 
and output currents of 5A continuous. With two mono- 
lithic power amplifiers in a single package it provides 
unequaled 
functional 
density. 


The industry-standard 
8-pin TO-3 package is isolated 
from all internal circuitry 
allowing 
it to be mounted 
directly 
to a heat sink without 
insulators 
which de- 
grade thermal 
performance. 
Internal 
circuitry 
limits 
output current to approximately 
6A. 


The 
OP A2541 
is available 
in both 
industrial 
and 
military temperature 
range versions. 


BURR - BROWNe 
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I 
OPA2541AM 
OPA2541BM, 
SM 


PARAMETER 
CONDITIONS 
I 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET VOLTAGE 


Ves 
±2 
±10 
±0.25 
±1 
mV 
vs Temperature 
Specified Temperature 
Range 
±20 
±40 
±15 
±30 
"VloC 
vs Supply Voltage 
Vs = ±10V to ±VMAX 
±2.5 
±10 
"VN 


vs Power 
±20 
±60 
"VIW 


INPUT BIAS CURRENT 


I. 
15 
50 
pA 
Specified Temperature 
Range 
Note 1 


INPUT OFFSET CURRENT 


los 
±5 
±30 
pA 
Specified Temperature 
Range 
Nole 1 


INPUT CHARACTERISTICS 


Common-Mode 
Voltage Range 
Specified Temperature 
Range 
±(IVsl~) 
±(IVsl--,3) 
V 
Common-Mode 
Rejection 
VCM = (I±Vsl ~V) 
95 
106 
dB 
Input Capacitance 
5 
pF 
Input Impedance, 
DC 
1 
1012Q 


GAIN CHARACTERISTICS 


Open Loop Gain at 10Hz 
Rl = 6!l 
90 
96 
dB 


Gain-Bandwidth 
Product 
1.6 
MHz 


OUTPUT 


Voltage Swing 
10= 5A 
±(IVsl~·5) 
±(IVsl--4·5) 
V 
10= 2A 
±(IVsl--4·5) 
±(IVsl--,3·6) 
V 
'0 = 0.5A 
±(IVsl--4) 
±(IVsl--,3·2) 
V 
Current, Continuous 
+25°C 
5 
7.0 
A 
+S5°C 
4 
5.0 
A 


+125°C (SM grade only) 
3 
3.5 
A 


AC PERFORMANCE 


Slew Rate 
6 
S 
VII'S 


Power Bandwidth 
RL 
:: an, Vo ::::2QVrms 
45 
55 
kHz 


Settling Time to 0.1% 
2V Step 
2 
I'S 


Capacitive 
Load 
Specified Temperature 
Range, G = 1 
3.3 
nF 
Specified Temperature 
Range, G >10 
SOA 
Phase Margin 
Specified Temperature 
Range, RL 
:: an 
40 
Degrees 
Channel Separation 
1kHz, Rl = 6a 
SO 
dB 


POWER SUPPLY 


Power Supply Voltage, ±Vs 
Specified Temperature 
Range 
±10 
±30 
±35 
±35 
±40 
V 
Current, Quiescent 
Total--Both Amplifiers 
40 
50 
mA 


THERMAL 
RESISTANCE 


8JC, 
(Junction-to-Case) 
Both Amplifiers(2), AC Output f > 60Hz 
O.S 
1.0 
°CIW 


8JC 
Both Amplifiers(2), DC Output 
0.9 
1.2 
°CIW 


8JC 
One Amplifier, AC Output f > 60Hz 
1.25 
1.5 
°CIW 


8JC 
One Amplifier, 
DC Output 
1.4 
1.9 
. 
°CIW 


8JA• (Junction-la-Ambient) 
No Heat Sink 
30 
°CIW 


TEMPERATURE 
RANGE 


Case 
AM,BM 
-25 
+S5 
°C 


SM 
-55 
+125 
°C 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own rIsk. prtces and specifications 
are subject to change 
without notice. No patent rtghts or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR· BROWN product for use in life support devices and/or systems. 
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Output Current 
Power 
Dissipation, 
Internal(1) 
.. 


Input Voltage: 
Differential 
Common·mode 
. 


Temperature: 
Pin Solder, 
105 
. 


Junction(1) 
. 


Temperature 
Range: 
Storage. 
Operating (Case) . 


.... see SOA 
.. 
125W 
.........±vs 


.............................. 
±vs 


... +300'C 
+150'C 


NOTE: 
(1) Long term operation 
at the maximum 
junction temperature 
will 


result in reduced 
product 
life. Derate 
internal 
power dissipation 
to achieve 
high MTTF. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


OPA2541AM 
To-3 
030 
OPA2541BM 
TO-3 
030 
OPA2541SM 
TO-3 
030 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


OPA2541AM 
TO-3 
-25'C 
to +85'C 
OPA2541BM 
To-3 
-25'C 
to +85'C 
OPA2541SM 
To-3 
-55'C 
to +125'C 


25 
50 
75 


Junction Temperature 
('C) 
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110 
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90 


80 


~ 
70 


.fii 
60 


<!l 50 


Q) 
~ 
40 
g 
30 


20 


10 
o 
-10 


II 
IIII 
I I 
IIII 
IIII 
I I 
IIII 
IIII 
I I 


Phase 
ZL: 21Ul 
II 
~ 
"kI 
ZL• 3i3~lt,;; 
Gain 


IIII 


~~'~21Ul 


Zc.3dn~ 


1k 
10k 


Frequency (Hz) 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CO NT) 


1.3 
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Case Temperature 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 


INSTAllATION 
INSTRUCTIONS 


The OPA2541 
is specified 
for operation 
from power sup- 


plies up to ±40Y. It can also be operated from an unbalanced 
or a single power supply so long as the total power supply 
voltage does not exceed 80Y (70Y for "AM" grade). The 
power supplies should be bypassed 
with low series imped- 
ance capacitors 
such as ceramic or tantalum. 
These should 
be located 
as near as practical 
to the amplifier's 
power 
supply 
pins. 
Good 
power 
amplifier 
circuit 
layout 
is, in 
general, like good high-frequency 
layout. Consider the path 
of large power supply and output currents. 
Avoid routing 


these connections 
near low-level 
input circuitry 
to avoid 
waveform 
distortion 
and instability. 


Signal 
dependent 
load current 
can 
modulate 
the power 


supply 
voltage 
with inadequate 
power 
supply 
bypassing. 


This can affect both amplifiers' 
outputs. 
Since the second 


amplifier's 
signal may not be related to the first, this will 
degrade the inherent channel separation 
of the OPA2541. 


Most applications 
will require a heat sink to prevent junction 
temperatures 
from exceeding 
the 150°C maximum 
rating. 
The type of heat sink required 
will depend on the output 


signals, 
power dissipation 
of each amplifier, 
and ambient 


temperature. 
The thermal resistance 
from junction-to-case, 
0lC' depends on how the power dissipation 
is distributed 
on 
the amplifier die. 


DC output concentrates 
the power dissipation 
in one output 


transistor. AC output distributes the power dissipation equally 
between the two output transistors 
and therefore 
has lower 


thermal resistance. 
Similarly, the power dissipation 
may be 
all in one 
amplifier 
(worst 
case) 
or equally 
distributed 
between the two amplifiers (best case). Thermal resistances 
are provided 
for each of these possibilities. 
The case-to- 
junction 
temperature 
rise is the product of the power dissi- 


BURR-BROWNe 
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pation (total of both amplifiers) 
times the appropriate 
ther- 
mal resistance- 


!1 Tlc = (Po total) (OlC)' 


Sufficient 
heat sinking must be provided 
to keep the case 
temperature 
within 
safe limits for the maximum 
ambient 
temperature 
and power dissipation. 
The thermal resistance 
of the heat sink required may be calculated 
by: 


!'IHS = (150°C - 
!1 TlC - TA)IP O' 


Commercially 
available 
heat sinks usually specify thermal 
resistance. 
These ratings are often suspect, however, 
since 


they depend greatly on the mounting 
environment 
and air 
flow 
conditions. 
Actual 
thermal 
performance 
should 
be 
verified 
by measurement 
of case temperature 
under 
the 


required load and environmental 
conditions. 


No insulating hardware is required when using the OPA2541. 
Since 
mica 
and 
other 
similar 
insulators 
typically 
add 
O.7°Crw thermal resistance, 
this is a significant 
advantage. 
See Burr-Brown 
Application 
Bulletin 
AB-037 
for further 
details on heat sinking. 


SAFE OPERATING 
AREA 


The Safe Operating Area (SOA) curve provides comprehen- 
sive information 
on the power 
handling 
abilities 
of the 
OPA2541. 
It shows the allowable 
output current as a func- 


tion of the voltage across the conducting 
output transistor 
(see Figure 
I). This voltage is equal to the power supply 
voltage 
minus 
the output 
voltage. 
For 
example, 
as the 
amplifier 
output 
swings 
near the positive 
power 
supply 
voltage, 
the voltage across the output transistor 
decreases 
and the device 
can safely 
provide 
large 
output 
currents 


demanded 
by the load. 


shorted 
to ground, 
the full power 
supply 
voltage 
is im- 
pressed 
across 
the conducting 
output 
transistor. 
For 
in- 
stance, 
with Vs = ±35V, 
a short circuit 
to ground 
would 
impress 
35V across the conducting 
power transistor. 
The 
maximum 
safe output current at this voltage is 1.8A, so the 
internal current limit would not protect the amplifier. 
The 
unit-to-unit 
variation 
and temperature 
dependence 
of the 
internal 
current 
limit 
suggest 
that it be used 
to handle 
abnormal conditions and not activated in commonly encoun- 
tered circuit operation. 


~ 
~ 
1.0 


·Depending 
on temperature, 
maximum output may 
be restricted 
by internal current 
limit. See output 


current 
specifications 
and typical curves. 


10 


IVs - Vourl (V) 


Reactive, 
or EMF generating 
loads such as DC motors can 
present demanding 
SOA requirements. 
With a purely reac- 
tive load, output 
voltage 
current 
occurs 
when the output 


voltage is zero and the voltage across the conducting transis- 
tor is equal 
to the full power 
supply 
voltage. 
See Burr- 
Brown Application 
Bulletin AB-039 for further information 
on evaluating 
SOA. 


Applications 
with inductive or EMF-generating 
loads which 
can produce 
"kick back" 
voltage 
surges to the amplifiers 
should include clamp diodes from the output terminals to the 
power supplies. These diodes should be chosen to limit the 
peak amplifier output voltage surges to less than 2V beyond 
the power supply rail voltage. 
Common 
IA rated rectifier 
diodes will suffice in most applications. 


Inductive- 
or EMF- 


Generating 
Load 
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U.l~~r 


1 
MSB 
2 
3 
VOUT = -30V to +30V 
4 
5 
6 
7 
DAC702 
~1~F 
8 
21 
-=- 
-35V 
9 
10 
+15V 
11 
12 
+ 
13 
.I1~F 


14 
-=- 
15 
16 
LSB 
10kn(1) 
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NOTE: (1) Midwest Components 
Inc. 288001006 
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High-Voltage, 
High-Current 
DUAL OPERATIONAL 
AMPLIFIER 


• 
HIGH OUTPUT 
CURRENT: 
2A min 


• 
WIDE POWER SUPPLY 
RANGE: 


±10Vto±35V 


• 
SLEW RATE: 8V/l!s 


• 
INTERNAL 
CURRENT 
LIMIT 


• 
THERMAL 
SHUTDOWN 
PROTECTION 


• 
FET INPUT: Is = 50pA max 


• 
8-PIN HERMETIC 
TO-3 AND 11-LEAD 
PLASTIC 
PACKAGES 


The OPA2544 
is a dual high-voltagelhigh-current 
op- 
erational amplifier suitable for driving a wide variety 
of high power loads. It provides 2A output current and 
power supply voltage range extends to ±35V. 


The OPA2544 
integrates 
two high performance 
FET 
op amps with high power output stages on a single 
monolithic 
chip. 
Internal 
current 
limit and thermal 
shutdown protect the amplifier and load from damage. 


The OPA2544 
is available 
in a hermetic 
8-pin metal 
TO-3, and II-lead 
plastic packages. Models are avail- 
able in -40°C 
to +85°C, and -55°C 
to +125°C tem- 
perature ranges. 


• 
MOTOR 
DRIVER 


• 
PROGRAMMABLE 
POWER SUPPLY 


• 
SERVO AMPLIFIER 


• 
VALVES, 
ACTUATOR 
DRIVER 


• 
MAGNETIC 
DEFLECTION 
COIL DRIVER 


• 
AUDIO AMPLIFIER 


Case 
connected 
to v- Supply. 


TO-3 


Package 
Electrically Isolated 
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OPA2544T 
OPA2544BM 
OPA2544SM 


PARAMETER 
CONOmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Voltage 
±1 
±5 
mV 


vs Temperature 
Specified Temp. Range 
±10 
~V/'C 
vs Power Supply 
Vs=±10Vto±35V 
±10 
±100 
~VN 


INPUT BIAS CURREN"fl') 
Input Bias Current 
VCM=OV 
±15 
±SO 
pA 


vs Temperature 
Doubles every 
10'C 
Input Offset Current 
VCM= OV 
±10 
±50 
pA 


NOISE 
Input Voltage Noise 
Noise Density, f = 1kHz 
3S 
nW.JHz 


Current Noise Density, f ,,",1kHz 
3 
fAl.JHz 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
Positive 
Linear Operation 
(V+)~ 
(V+)-4 
V 
Negative 
Linear Operation 
(V-)+S 
(V-) +4 
V 
Common-Mode 
Rejection 
VCM=±V,SV 
90 
10S 
dB 


INPUT IMPEDANCE 
Differential 
10"118 
all 
pF 
Common-Mode 
10"1110 
all 
pF 


OPEN-LOOP 
GAIN 
Open-Loop 
Vo~age Gain 
Vo·±30V, 
Rl-15a 
90 
103 
dB 


FREQUENCY 
RESPONSE 
Gain-Bandwidth 
Product 
Rl= 15a 
1.4 
MHz 
Slew Rate 
SOVp-p, Rl• 
15a 
5 
8 
V/~ 
Full-Power Bandwidth 
See Typical Curve 
Settling Time 0.1% 
G = -10, SOVStep 
I 
25 
I 
~s 
Total Harmonic Distortion 
See Typical Curve 


OUTPUT 
Voltage Output: Positive 
10=2A 
(V+)-5 
(V+)-4.4 
V 
Negative 
10=2A 
(V-) +5 
(V-) +3.8 
. 
V 
Positive 
10= 0.5A 
(V+)-4.2 
(V+) --3.8 
V 
Negative 
10= 0.5A 
(V-) +4 
(V-) +3.1 
V 
Current Output 
See SOA Curves 
Short-Circuit 
Current 
±4 
A 


POWER SUPPLY 
Specified Operating Voltage 
±35 
V 
Operating Vo~age Range 
±10 
±35 
V 
Quiescent Current (total) 
10= 0 
±22 
±30 
mA 


TEMPERATURE 
RANGE 
Operating Range 
-40 
+85 
-55 
+125 
'C 
Storage, Metal TO-3 Package 
~5 
+125 
'C 
Plastic Package 
-40 
+125 
'C 
Thermal Resistance, 8J(l 
Both Amplifiers, f > 50Hz 
2 
'CIW 
Thermal Resistance, 8JC2 
Both Amplifiers, 
DC 
2.5 
'CIW 
Thermal Resistance, 
BJC2 
One Amplifier, f > 50Hz 
2.7 
'CIW 
Thermal Resistance, 8x} 
One Amplifier, DC 
3 
'CIW 
Thermal Resistance, 
8JA2 
No Heat Sink 
30 
'CIW 


• Specmcations 
same as OPA2544BM. 


NOTES: (1) High-speed test at TJ• 
25'C. 
(2) Calculated from total power dissipation of both amplifiers. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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TEMPERATURE 


MODEL 
PACKAGE 
RANGE 


OPA2544T 
11-Lead Plastic 
--40·C to +8S·C 
OPA2544BM 
8-Pin Metal TQ-3 
--40·C to +8S·C 
OPA2544SM 
8-Pin Metal TQ-3 
-SS·C to +' 2S·C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


OPA2544T 
11-Lead Plastic 
242 
OPA2544BM 
8-Pin Metal TQ-3 
030 
OPA2544SM 
8-Pin Metal TO-3 
030 
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Case 
connected 
to V- Supply. 


Supply Voltage, V+ to V- 
70V 
Output Current 
See SOA Curve 


Input Voltage 
(V-) ~.7V 
to (V+) +0.7V 
Operating Temperature 
-55°C 
to +125°C 
Storage Temperature, 
Metal TO-3 Package 
-5S·C 
to +12S·C 


Plastic Package 
--40·C to +12S·C 


Junction 
Temperature 
. 
150°C 


Lead Temperature 
(soldering, 
-10s) 
300·C 


A 
ELECTROSTATIC 
J.l».. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes could cause the device not to meet its 


published 
specifications. 
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OUtA 
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v- 
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8 
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MILS (0.001") 
MILLIMETERS 


Die Size 
218 x 252 ±5 
8.56 x 9.92 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backina 
Chromium-Silver 
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TYPICAL PERFORMANCE CURVES (CONT) 
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Figure 
1 shows the OPA2544 
connected 
as a basic non- 
inverting 
amplifier. 
The OPA2544 
can be used in virtually 
any op amp configuration. 
Power supply terminals should be 
bypassed 
with low series impedance 
capacitors, 
The tech- 
nique shown, using a ceramic and tantalum type in parallel, 
is recommended. 
Power 
supply 
wiring 
should 
have 
low 
series impedance 
and inductance. 
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SAFE OPERATING 
AREA 


Stress on the output transistors 
is determined 
by the output 
current and the voltage across the conducting 
output transis- 
tor, VCE' The power dissipated 
by the output transistor 
is 
equal to the product 
of the output current 
and the voltage 
across the conducting 
transistor, 
VCE' The Safe Operating 
Area (SOA curve, Figure 2) shows the permissible 
range of 
voltage and current. 


Current-Limited 
.•.•.•.. 


Te = 2S· 
I 
"i-. 


r-... 


Output current may 
)- 
!'-l 
be limited to less 
than 4A 
see text. 


Te = 8S·C 
" 
Te = 12S·C 


I 


<= 
~ 
() 
~6 
0.4 


The safe output current decreases 
as VCE increases. 
Output 
short-circuit 
is a very demanding 
case for SOA. A short- 
circuit to ground forces the full power supply voltage (V+ 
or V-) across the conducting 
transistor. 
With Vs = ±35V 
the safe output current is 1.5A (at 25°C). The short-circuit 
current is approximately 
4A which exceeds the SOA. This 
situation 
will activate 
the thermal 
shutdown 
circuit 
in the 
OPA2544. 
For further 
insight 
on SOA, consult 
AB·039. 


CURRENT 
LIMIT 


The OPA2544 
has an internal current limit set for approxi- 
mately 
4A. This current 
limit decreases 
with increasing 
junction 
temperature 
as shown in the typical curve, Current 
Limit versus Temperature. 
This, in combination 
with the 
thermal 
shutdown 
circuit, 
provides 
protection 
from many 
types of overload. 
It may not, however, 
protect for short- 
circuit to ground, depending 
on the power supply voltage, 


ambient temperature, 
heat sink and signal conditions. 


POWER DISSIPATION 


Power dissipation 
depends on power supply, signal and load 
conditions. For DC signals, power dissipation is equal to the 
product of output current times the voltage across the con- 
ducting 
output 
transistor. 
Power 
dissipation 
can be mini- 
mized by using the lowest possible 
power supply voltage 
necessary 
to assure the required output voltage swing. 


For resistive loads, the maximum 
power dissipation 
occurs 
at a DC output voltage of one-half the power supply voltage. 
Dissipation 
with AC signals is lower. Application 
Bulletin 
AB-039 explains how to calculate 
or measure power dissi- 
pation with unusual signals and loads. 


Most 
applications 
require 
a heat 
sink to assure 
that the 
maximum 
junction 
temperature 
is not exceeded. 
The heat 
sink 
required 
depends 
on the 
power 
dissipated 
and on 
ambient 
conditions. 
Consult 
Application 
Bulletin 
AB-038 
for information 
on determining 
heat sink requirements. 


The case of the metal TO-3 
model 
of the OPA2544 
is 
electrically 
isolated from all circuitry and can be connected 
directly to a heat sink. This eliminates cumbersome 
insulat- 
ing hardware that increases thermal resistance. 
Consult Ap- 
plication 
Bulletin 
AB-037 for proper mounting 
techniques 
and procedures 
for TO-3 power products. 


The heat sink tab of the plastic package is connected 
to the 
V- power supply terminal. Lowest thermal resistance can be 
achieved 
by mounting the tab directly to a heat sink. If the 
heat sink cannot be electrically 
"hot" at V- power supply 
potential, 
insulating 
hardware 
must be used. 


THERMAL 
PROTECTION 


The OPA2544 has thermal shutdown that protects the ampli- 
fier from damage. 
Any tendency 
to activate 
the thermal 
shutdown 
circuit during normal 
operation 
is indication 
of 
excessive power dissipation 
or an inadequate 
heat sink. 


The thermal protection 
activates 
at a junction 
temperature 
of approximately 
155°C. For reliable 
operation, 
junction 
temperature 
should 
be limited 
to 150°C, 
maximum. 
To 
estimate the margin of safety in a complete 
design (includ- 
ing heat sink), increase 
the ambient 
temperature 
until the 
thermal 
protection 
is activated. 
Use worst-case 
load and 


signal conditions. 
For good reliability, 
the thermal protec- 
tion should 
trigger 
more than 25°C above 
the maximum 
expected 
ambient condition 
of your application. 
This pro- 
duces 
a junction 
temperature 
of 125°C at the maximum 
expected 
ambient 
condition. 


Depending 
on load and signal conditions, 
the thermal pro- 
tection circuit may produce a duty-cycle 
modulated 
output 
signal. This limits the dissipation 
in the amplifier, 
but the 
rapidly varying output waveform may be damaging to some 
loads. The thermal 
protection 
may behave 
differently 
de- 
pending 
on whether 
internal 
dissipation 
is produced 
by 
sourcing or sinking output current. 


Some applications do not require equal positive and negative 
output 
voltage 
swing. 
The power 
supply 
voltages 
of the 
OPA2544 
do not need to be equal. 
For example, 
a -7V 
negative power supply voltage assures that the inputs of the 
OPA2544 
are operated 
within their linear common-mode 
range, and that the output can swing to OV. The V+ power 
supply 
could range from 
15V to 63V. The total voltage 
(V- to V+) can range from 20V to 70V. With a 63V positive 
supply voltage, the device may not be protected 
from dam- 
age during short-circuits 
because of the larger VCE during 
this condition. 


Reactive and EMF-generating 
loads can return load current 
to the amplifier, 
causing 
the output voltage to exceed the 
power 
supply 
voltage. 
This 
damaging 
condition 
can be 
avoided with clamp diodes from the output terminal to the 
power supplies as shown in Figure 2. Fast-recovery 
rectifier 
diodes with a 4A or greater continuous 
rating are recom- 
mended. 


SOCKET 


An 8-pin TO-3 socket, Burr-Brown 
model 0804MC is avail- 
able. Although not required, this socket makes mounting and 
interchanging parts easy, especially during design and testing. 
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Paralleled 
operation 
not 
recommended 
for input 


signals that can cause 
amplifiers 
to slew. 


+35V 


10kn 


10kn 
20kn 


3nF 


30n 
l~ 
\ 
Load 
) 


120Vp-p 
"7" 
"7" 


(±60V) 
G .-1 


--{J5V 
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FEATURES 


• 
LOW CONTACT 
RESISTANCE 


• 
CLOSED 
CONTACT 
ENDS 


• 
GOLD-PLATED 
INNER CONTACTS 


• 
-55°C 
TO +150°C TEMPERATURE 
RANGE 


The 0804MC is a high quality socket designed for use 
with Burr-Brown's 
8-pin TO-3 type products such as 
the OPA541 
and OPA512. 


Although not required for use with these product,;, the 
0804MC socket makes interchanging 
parts easy, espe- 


cially 
during 
design 
and testing. 
Its rugged 
lOner 
contacts 
provide 
positive 
insertion 
and low contact 
resistance. Closed contact ends prevent solder an 
flux 
contamination 
of the internal contacts. 


The socket body is molded 
of glass-filled 
polyester 


and incorporates 
counter -sunk 
mounting 
holes 
and 
hex-nut retaining 
feature. It accommodates 
a variety 
of mounting 
hardware 
and mechanical 
designs. 


The information 
provided 
herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omis- 
sions. BURR-BROWN 
assumes 
no responsibility 
for the use 1)1this 


information, 
and all use of such information 
shall be entirely 
at the user's 
own risk. Prices and specifications 
are subject 
to change 
without 
notice. 
No patent rights or licenses to any of the circuits described 
here in are 
implied or granted to any third party. BURR-BROWN 
does not aut10rize 
or warrant any BURR-BROWN 
product for use in life support dovices 
and/or systems. 
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0.37 


I 
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~l 
10.12(Typ) 


0.02 Standoff 


(6 Places) 


Contact Resistance: 
0.02Q Typ 


Outer Contact: Brass 


200~ inch Tin over 1DOll inch Nickel Plate 


Inner Contact: BeCu 
301l inch Gold over SOil inch Nickel Plate 


Socket Body: Glass·Filied 
Poiyester, 94 V-O rating 


Operating Temperature 
Range: -55°C 
to +150°C 
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High Voltage, High Current 
OPERATIONAL 
AMPLIFIER 


• 
WIDE POWER 
SUPPLY 
VOLTAGE: 


±70V to ±150V 


• 
OUTPUT 
CURRENT 
TO 75mA 


• 
SLEW RATE: 30Vll!S 


• 
FET INPUT: 
18 = 20pA max 


• 
THERMAL 
SHUT-DOWN 
PROTECTION 


• 
HERMETIC 
TO-3 PACKAGE, 
ISOLATED 
CASE 


The 3583 is a high voltage, high speed hybrid opera- 
tional 
amplifier 
designed 
for 
a wide 
variety 
of 
programmable 
power 
supply 
and transducer 
driver 


applications. 


The 3583 operates 
over a wide power supply range 


(±50V to ±150V) and provides 
outputs up to 75mA. 


Laser-trimmed 
PET input circuitry provides low offset 


voltage (3mV max) and low input bias current (20pA 
max). 
Thermal 
shut-down 
circuitry protects internal 
-In 
circuitry from excessive 
power dissipation. 


Commercial 
and industrial temperature 
range models 
are available. 
The 3583's hermetic 8-pin TO-3 pack- 
6 
age is electrically 
isolated from all internal circuitry. 
.'0 


• 
PROGRAMMABLE 
POWER 
SUPPLY 


• 
PIEZO-ELECTRIC 
TRANSDUCER 
DRIVER 


• 
HIGH VOLTAGE 
CURRENT 
SOURCE 
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SPECIFICATIONS 


3583AM 
3583JM 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE 
Input Offset Vo~age 
±3 
mV 


vs Temperature 
Specified Temp. Range 
±23 
"vrc 
vs Power Supply 
20 
"VN 
vs TIme 
50 
"V/month 


INPUT BIAS CURRENT1') 
Input Bias Current 
VOM,OV 
-20 
pA 


V$ Temperature 
Doubles Every 10·C 
vs Power Supply 
0.2 
pAN 


Input Offset Current 
VOM·OV 
±20 
pA 
vs Temperature 
Doubles Every 10·C 
vs Power Supply 
0.2 
pAN 


NOISE 
Voltage, 0.01 Hz to 10Hz 
5 
"Vp-p 
10Hz to 1kHz 
1.7 
JlVrms 
Current, 0.01 Hz to 10Hz 
- 
0.3 
pAp-p 


INPUT VOLTAGE 
RANGE 
Max Safe Differential 
Input 
(V+) + IV-I 
Max Safe Common-Mode 
Input 
V- to V+ 
Common-Mode 
Input Range 
Linear Operation 
Vs-10 
V 
Common·Mode 
Rejection 
110 
dB 


INPUT IMPEDANCE 
Differential 
10" 
1110 
nil pF 
Common-Mode 
1011 
nil pF 


OPEN-LOOP 
GAfN 
Open-Loop 
Voltage Gain 
No Load, DC 
118 
dB 
Open-Loop 
Vo~age Gain 
Rated Load, DC 
94 
105 
dB 


FREQUENCY 
RESPONSE 
Unity-Gain 
Bandwidth 
Small-Signal 
5 
MHz 
Full-Power 
Bandwidth 
R,: 
10kn 
60 
kHz 
Slew Rate 
30 
V/JlS 


Settling Time: 0.1% 
12 
JlS 


OUTPUT 
Vo~age Output 
Vs-l0 
V 


Current Output 
±75 
mA 
Short Circuit Current 
±lOQ 
mA 
Load Capacitance 
10 
nF 


POWER SUPPLY 
Operating 
Voltage Range 
±50 
±150 
V 
Quiescent 
Current 
10: 0 
±8.5 
mA 


TEMPERATURE 
RANGE (CASE) 
Specification 
-25 
+85 
0 
+70 
·C 


Operating 
-55 
+125 
·C 
Storage 
6JC = 4°CfW 
-55 
+125 
·C 


•.Specification 
same as 3583AM. 


NOTE: (1) Inputs may be damaged by input slew ratas exceeding 1000V/J.ls. Inputs can be protected from signals exceeding 1OOOV/J.lsby limiting input current to 150mA 
with external series resistors (pins 5 and 6). 


The information 
provided 
herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes no responsibility for the use of this information. and all use of ,;uch information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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Optional 
Offset 
Offset 
Adjust 
1- - - - - - -. 
Trim 


_~1001<0 


to V+ Supply 
'_ _ 
4 


Offset 
Trim 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER<') 


3583AM 
8-PinTO 
3 
030 
3583JM 
8-PinTO 
3 
030 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


3583AM 
8-Pin TO-3 
-25'C 
to +85'C 
3583JM 
8-Pin TO-3 
QOCto +70°C 


NOTE: (1) No internal connection. 


Optional socket available: 804MC 
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TYPICAL PERFORMANCE CURVES (CONT) 
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Figure 1 shows the basic connections 
required to operate the 
3583. Power supply bypass capacitors 
should be connected 


close to the device pins. Be sure that these capacitors have an 
adequate voltage rating. 


Input offset voltage and drift of the 3583 are laser-trimmed. 
Many 
applications 
require 
no external 
offset 
trimming. 


Figure 
I also shows connection 
of an optional 
offset trim 
potentiometer 
connected to pins 3 and 4. 


PET input circuitry reduces the input bias current of the 3583 
to less than 20pA at room temperature. 
Input bias current 
remains nearly constant throughout 
the full common-mode 
range. Input bias current approximately 
doubles for each 10°C 
increase in case temperature 
above 25°C. Heat sinking can 
help minimize this effect by reducing the case temperature. 


Input circuitry of the 3583 is protected 
with series limiting 
resistors and input clamp diodes. The inputs can withstand the 
full rated supply voltage of ±150V (common-mode 
or differ- 
ential). 


THERMAL 
PROTECTION 


The 3583 has internal thermal shut-down circuitry that acti- 
vates at a case temperature of approximately 
150°C or higher. 
As this circuitry 
is activated, 
the output 
current 
drive is 
reduced. 
As the case temperature 
returns 
to less than the 
activation temperature, operation will return to normal. A heat 
sink may be required depending on load and signal conditions. 


Note that a 75mA 
output may not be safe for all output 
voltages-see 
typical performance 
curve "Safe Operating 
Area". Applications 
such as current sources 
where output 


voltage may be low (or the opposite polarity of the output 
current) can ovcrslCess the output stage. 
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The thermal 
shut-down 
circuit 
will normally 
protect 
the 
amplifier during a short-circuit 
to ground. It will not protect 
against short-circuit 
to one of the power supplies. The typical 
performance 
curve "Safe Operating 
Area" 
shows that the 
large stress occurring during this high voltage condition may 
cause 
damage 
if it exceeds 
5ms 
duration. 
The 
thermal 
protection 
circuitry will not activate fast enough to protect 


the device from short-circuits 
to one of the power supplies. 


The package case of the 3583 is electrically 
isolated from all 
circuitry. 
No 
special 
insulating 
hardware 
is required. 


Although not absolutely required, it is recommended 
that the 
case be connected to ground. 
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IElElI 


High Voltage, High Speed 
OPERATIONAL 
AMPLIFIER 


• 
WIDE POWER 
SUPPLY 
VOLTAGE: 
±70V to ±150V 


• 
GAIN-BANDWIDTH 
PRODUCT: 
50MHz 


• 
SLEW RATE: 150V/IlS 


• 
FET INPUT: 
IB = 20pA max 


• 
THERMAL 
SHUT-DOWN 
PROTECTION 


• 
HERMETIC 
TO-3 PACKAGE, 
ISOLATED 
CASE 


The 3584 is a high voltage, high speed hybrid opera- 
tional 
amplifier 
designed 
for 
a wide 
variety 
of 
programmable 
power 
supply 
and transducer 
driver 
applications. 


The 3584 operates 
over a wide power supply range 
(±70V to ±150V) 
and provides 
outputs up to 15mA. 


Laser-trimmed 
FET input circuitry provides low offset 
voltage (3mV max) and low input bias current (2OpA 
max). Thermal 
shut-down 
circuitry 
protects 
internal 
circuitry from excessive 
power dissipation. 


The 3584 provides a gain-bandwidth 
product of 20MHz 
min (50MHz typical). External frequency 
compensa- 
tion 
(series 
RlC) 
allows 
the user 
to optimize 
the 
bandwidth 
and slew rate for a particular 
application. 


Specified 
temperature 
range 
is ooe to +70°C. 
The 
3584's 
hermetic 
8-pin TO-3 package 
is electrically 
isolated from all internal circuitry. 


• 
PROGRAMABLE 
POWER 
SUPPLY 


• 
PIEZO-ELECTRIC 
TRANSDUCER 
DRIVER 


• 
ELECTROSTATIC 
TRANSDUCER 
DRIVER 


• 
CRT DEFLECTION 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


3S84JM 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


OFFSET 
VOLTAGE 


Input Offset Voltage 
±3 
mV 


vs Temperature 
Specified Temperature 
Range 
±25 
jiVrC 


vs Power Supply 
20 
jiVN 
vs Time 
~ 
50 
jiV/month 


INPUT BIAS CURRENTI') 
~ 
Input Bias Current 
VOM = OV 
-20 
pA 
vs Temperature 
Doubles Every 10·C 
CO 


vs Power Supply 
0.2 
pAN 
it) 


Input Offset Current 
VOM = OV 
±20 
pA 
CW) 


vs Temperature 
Doubles Every 1DOC 
•• 


vs Power Supply 
0.2 
pAN 


NOISE 
Voltage, 0.01 Hz to 10Hz 
5 
jiVp-p 
10Hz to 1kHz 
1.7 
JlVrms 


Current, 0.01 Hz to 10Hz 
0.3 
pAp-p 
en 


INPUT VOLTAGE 
RANGE 
a: 


Maximum 
Safe Differential 
Input 
(V+) + IV-I 
W 


Maximum 
Safe Common-Mode 
Input 
V- to V+ 
u: 
Common~Mode 
Input Range 
Linear Operation 
Vs-l0 
V 
Common-Mode 
Rejection 
110 
dB 
:J 
INPUT IMPEDANCE 
0. 


Differential 
10"1110 
nil pF 
~ 
Common-Mode 
1011 
nil pF 
« 
OPEN-LOOP 
GAIN 


Open-Loop 
Vottage Gain 
No Load, DC 
120 
dB 
..J 


Open-Loop 
Voltage Gain 
Rated Load, DC 
100 
dB 
« 
FREQUENCY 
RESPONSE 
Z 


Unity-Gain 
Bandwidth 
Small-Signal 
7 
MHz 
0 
Gain-Bandwidth 
Product 
f = 1kHz, G = 100 
20 
MHz 


~ 


Full-Power 
Bandwidth 
G = 100 
135 
kHz 
Slew Rate 
G = 100 
150 
V/jiS 
Settling Time: 0.1% 
G = 100 
12 
jiS 
a: 
OUTPUT 
W 


Voltage Output 
Vs - 5 
V 
0. 


Current Output 
±15 
mA 
0 
Short Circuit Current 
±25 
mA 


Load Capacitance 
(Maximum) 
10 
nF 
a: 
POWER SUPPLY 
W 
Operating 
Voltage Range 
±70 
±150 
V 
3: 
Quiescent 
Current 
10= 0 
±6.5 
mA 


TEMPERATURE 
RANGE 
0 


Specification 
0 
+70 
·C 
0. 


Operating 
-55 
+125 
·C 


Storage 
-55 
+150 
·C 


The information 
provided 
herein is believed to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 


D.33UmC3 no ro3pon3ibilify 
for the U;5eof this information, and all use of such Information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without 
notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not 


authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Optional 
Offset 
Offset 


Adjust 
.- - - - - - -I Trim 


o---~100kn 


to +Vcc 
1__ 
4 


Offset 


Trim 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


3584JM 
8-Pin TO-3 
030 


150 


~ 


120 


> 
;!:!. 


90 
•. 
Cl~ 
0> 
60 
% 
0 
30 


I111I 
I 
I II 


Compensation: 


~ 


200n and 0.1~F 
2kn and 500pF 
\~'\ 
20n and 50pF 
\ 


.\\. 


"- 
"- 
-......::~ 


lOOk 
1M 


Frequency (Hz) 


160 


120 
'"~ 


¥J 
80 


II:~•. 
Ui 


40 


~ 


/1-" 


/ 
/ 
/ 


2k 


External Compensation 
Impedance 
(0) 


0.9 
¥J 
II: 


~ 
0.8 
Ui 
a: 
~ 
0.7 


E 
(;z 


60 
70 
80 


Power Supply (% of max) 


120 


100 


iil 
80 


:2- 


<= 
60 
... 
CJ•. 
40 
Cl~ 
0> 
20 


-20 


A 
...•..••.... 
....... 


.•.....•. 
"""- 
\. 


"""- 
" 


\. 


'-, 
\.. 


r---- 
Compensation: 
f" 
..•... \.. 
\. 


/./ " 
.....-'\ 
I---- 200n and 0.1~F 
--, 
\. '\ 
I---- 2kn and 500pF -- 
\. 


I---- 20n and 50pF 
" 


1'\ 
" 


I\.'\ 
,,\.'\\.., 


100 
lk 
10k 
lOOk 


Frequency (Hz) 
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co 
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c 
-2 
'<ij 
CJ 
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0 ~ 
.3 
C: 


Q) 
-4 
a- 
D 


<l 


-5 
~ 


40 
50 
60 
70 
80 
90 
100 


30 


20 


E 
10 
!":; 
0 
0 
~6 
-10 


-20 


~O 


-150 
-100 


c 


~ 
-10 
o 
~ 
<ii 
E 
(;z 


'll::t 
CO 
Lt) 
C") 
EIII 


125 


(/)a: 
wu::i 
a- 


== 
<t 
..J 
<tZ0 


~a: 
wa- 


10' 
0 
a: 
w 
3=0 
a- 


1000 


~ 
% 
100 
ci 
Q. 
~ 
3: 
10 
'5z 
S~ 
~ 
I- 
'----v--' 


Amplifier 
Noise 


120 


100 


80 
co 
:9- 
a: 
60 
::;0 


40 


20 


I 
I 
'i-. 


Compensation: 
2000 and 0.01 ~F - 
"" 


"" 


"" 


"" 


"" 
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TYPICAL PERFORMANCE CURVES (CONT) 


150 


B 125 
•. 
C>~ 100 
0>•. 
"8 
75 
~ 
0 
50 
E 
E0 
() 
25 


"I 
I~o~~nsation: 
200~ 
a~d 6d1 ~~ 


1\ 


"-'" 


'- 


lOOk 


Frequency (Hz) 


Figure 1 shows the basic connections 
required to operate the 
3584. Bypass capacitors 
should be connected 
close to the 
device pins. Be sure that these capacitors 
have an adequate 
voltage rating. 


Frequency 
compensation 
components 
must be connected to 


pin 8 for closed-loop 
gains of 100 or less. Recommended 


values 
are shown in Figure 
1. Some adjustment 
in these 
values may be required depending 
on exact circuit configu- 


ration and load conditions. Be sure the compensation 
capaci- 


tor has a voltage rating equal to or greater than the positive 
power supply voltage, V+. Standard 0.25W resistors can be 
used for Re. 


Input offset voltage and drift of the 3584 are laser-trimmed. 
Many 
applications 
require 
no external 
offset 
trimming. 


Figure 1 shows connection 
of an optional offset trim poten- 


tiometer which connects 
to pins 3 and 4. 


FET input circuitry 
reduces 
the input bias current 
of the 
3584 to less than 20pA at room 
temperature. 
Input 
bias 
current 
remains 
nearly constant 
throughout 
the full com- 
mon-mode 
range. Input bias current approximately 
doubles 
for each 
lOoe increase 
in case temperature 
above 25°C. 


Heat sinking can help minimize this effect by reducing the 
case temperature. 


Input circuitry of the 3584 is protected 
with series limiting 
resistors and input clamp diodes. The inputs can withstand 
the full rated supply voltage of ±150V (common-mode 
or 


differential). 


THERMAL 
PROTECTION 


The 
3584 
has 
internal 
thermal 
shut-down 
circuitry 
that 
activates 
at a case temperature 
of approximately 
l500e 
or 


higher. As this circuitry is activated, the output current drive 
is reduced. As the case temperature 
returns to less than the 
activation 
temperature, 
operation 
will return to normal. 


120 


co 
100 
:!1. 
c: 
0 
80 
·u•.." 
II: 
60 
>. 
C.g- 
en 
40 
Ii; 
~ 
Q. 
20 


- , 
..•••...•. 


..•••...•. 


..•••...•. 


~ 
Positive Supply 
" 
Negative SUpply""- "- 


I 
""- 
..•••...•., 


"" 


lk 
10k 


Frequency (Hz) 


The thermal 
shut-down 
circuit 
will normally 
protect 
the 
amplifier during a short-circuit 
to ground. It will not protect 
against 
short-circuit 
to one 
of the power 
supplies. 
The 
typical performance 
curve "Safe Operating Area" shows that 
the large stress occurring during this high voltage condition 
may cause damage if it exceeds 5ms duration. 
The thermal 


protection 
circuitry will not activate fast enough to protect 
the device from short-circuits 
to one of the power supplies. 


The package case of the 3584 is electrically 
isolated from all 
circuitry. 
No special 
insulating 
hardware 
is required. 
Al- 
though not absolutely 
required, 
it is recommended 
that the 
case be connected 
to ground. 


V+ 


~ 


9 Optional offset 
--J 
voltage trim 


+70V to +150V 
4 
100kil 
.• 
CirCUli. 


V+ 
- 
- 
3 


3584 
-- 


- + 


R, 
Gu1+- 
R, 


Gain 
Cc 
Rc 


1 
10nF 
200n 


10 
500pF 
2kil 
100 
50pF 
20kil 


1000 
(no connection) 


Interpolate 
values 
for 
intermediate 
gains. 
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4 Instrumentation Amplifiers 


Instrumentation amplifiers (IAs) are much more 
than just precise op amps. They are closed loop 
amplifiers with built-in precision feedback com- 
ponents. Knowledgeable designers use IAs to ex- 
tract low-level signals from system errors and 
noise. 


Instrumentation amplifiers can amplify signals in 
the presence of large common-mode signals. They 
are ideal for use with all sensor types such as strain 
gages, load cells, thermocouples, RTDs, current 
shunts, chemical sensors, and physiological probes. 
They also make excellent universal input amplifi- 
ers for data acquisition systems. 


Programmable gain amplifiers are ideal for sys- 
tems that must connect to a variety of sources with 
varying signal levels. Products include program- 
mable-gain IAs and op amps. 


Choose from the industry's widest selection, in- 
cluding: 


INAIOS, INAI06-Simple 
0=1 and 0=10 differ- 
ence amplifiers ... incredibly versatile circuit 
elements. 


INA1l4, INAllS-The 
industry's most versatile 
and accurate 8-pin IAs. INA118 features low- 
power operation. 


INAlll-High-speed, 
FET-input IAs using a 
current-feedback architecture. 


INAll6-Electrometer 
IA with ultra-low 3fA 
input bias current. Its 3-op amp design provides an 
ultra-high impedance differential input, and al- 
lows gain setting from 1 to 1000 by connecting a 
single external resistor. 


INAI03-Ultra-low 
InV/--IHZnoise makes this 
IA ideal for microphones, bridges or other low 
impedance sources. 


INA1l7-A 
difference amplifier with ±2OOVcom- 
mon-mode voltage range. 


BURR· BROWNe 
'103103' 
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INA128 and INA141-Low 
power, general pur- 
pose IAs offering excellent accuracy and wide 
bandwidth, even at high gain (200kHz at 0=100). 
INAl28 gain can be set from 1 to 10,000 using a 
single external resistor. INA141, a fixed-gain ver- 
sion, uses simple pin connections to set an accu- 
rate gain of 10 or 100VN without external resis- 
tors. 


INA2128, INA2141-lndustry's 
first dual instru., 
mentation amplifiers-two 
complete 
IAs on 
single monolithic chip. Both provide excellent 
accuracy and wide bandwidth at high gain (200kHz 
tJ) 
at 0=100). 
ffi 
PGA204, PGA205-Programmable 
gain IAs great u:: 
for data acquisition systems that connect to a 
~ 
variety of sources or needing exceptional dynamic a. 
range. 
:i 
PGA206, PGA207- 
These are complete 3-op amp 
Z 
IAs with digitally selected gains. POA206 pro- 0 
vides gains of 1, 2, 4 and 8VN, while POA207 
i= 
has gains of 1, 2, 5 and lOVN. Fast settling time 
~ 
of 3.5JlS to 0.01% (all gains) allows fast polling of !2: 
many channels. 
W 
ALDIOOO-A 
new, monolithic 
programmable 
:E 
voltage-to-current or voltage-to-voltage analog line 
:) 
driver circuit. Both current and voltage sensing 
~ 
can be performed simultaneously: current sensing 
tJ) 
is achieved through an external resistor, while 
Z 
voltage sensing is performed directly across the 
load. 


XTRIOl, 
XTRI03, 
XTRI04--4-20mA 
current 
loop transmitters with built-in IAs for RTDs or 
bridges. 


XTRSOI-A 
high current lW bridge driver and 
programmable 
4-20mA 
current transmitter 
de- 
signed for sensors requiring up to 600mA of 
sensor current. 


Other popular products provide special features 
and performance. Use our detailed selection guide 
to locate the IA for your application. 


Instrumentation 
Ampl ifiers 


INA114 
(.0.002%) 
INA115 
(.0.002%) 
INA118 
(.0.002%) 
INA131 
(.0.002%) 


INA10l 
(.0.003%) 


INA103 
(1nV/v'Hz) 
INA2128 (8nV/v'Hz, Dual) 
INA128 
(8nVl"H!) 
INA2141 (8nVNHz, 
Dual) 
INA141 
(8nVNH!l 
INA111 
(10nVl"tlZ) 


INA118 
(10nVlv'HZ) 


INA114 
(11nVlv'Hz) 


INA110 
(13nV/v'Hz) 


INA118 
(.1.35,350~A) 


INA141 
(>2.25,650pA) 
INA128 
(>2.25,750pA) 
INA2128 (>2.25, 
1.3mA, 
Dual) 
INA2141 (>2.25, 
1.3mA, 
Dual) 
INA102 
(.3.5, 
750~A) 


INA111 (20pA) 
INAl16 
(25fA) 
INA110 (50pA) 


INA131 
(100) 


INA141 
(10,100) 
INA2141 
(10,100, 
Dual) 


INA111 (2~s) 
INA110 (3~s) 
INA103 (3.5~s) 


PGA204 (G = 1, 10, 100, 1000) 
PGA200 (G = 1, 10, 100, 1000) 
PGA205 (G = 1, 2, 4, 8) 
3606 
(G = 1, 2, 4, ...1024) 


PGA103 (G = 1, 10, 100) 
PGA102 (G = 1, 10, 100) 
PGA100 (G = 1, 2, 4, ...128) 


PGA202 (G = 1, 10, 100, 1000) 
PGA206 (G = 1,2,4, 
8) 
PGA207 (G = 1,2,5,10) 
PGA203 (G = 1, 2, 4, 8) 


XTR10l 
(RTD, Te, Bridge, 


2 Wire) 


XTR103 
(RTD, 2 Wire) 


XTR104 
(Bridge, 
2 Wire) 


XTR110 
(0-10V, 
3 Wire) 


XTR501 
(Bridge, 
3 Wire) 


DIFFEREI 
AMPlIFII 
(Glln) 


INA105 (G = 1: 


3627 
(G=l: 


INA106 (G = 11 


INAl17 
(.200\ 


• DENOTES 
TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOI 


~. 


Offset 
Small 
INSTRUMENTATION AMPLIFI 


m~ 
Gain 
Gain 
Non 
Voltage 
Signal 
Error'2) 
Drlft{2) 
L1nearlty(2) 
CMR(l,2) 
Drift 
Bandwldth(2) 


m iproduct 
Gains 
max 
max 
max 
mln 
max 
typ 


Available 
(%) 
± (ppmf'C) 
(%) 
(dB) 
(~VI"C) 
(kHz) 
Package 
Description 


~INA101 
1-1k(3) 
0.1 
110 
±0.003 
106 
±0.25+10/G 
25 
CDIP, 
PDIP, SolC, 
TO-100 
251'V Offset, 
13nV/v'Hz, 
High 
CMR 
INA 


b:l 


1, 10, 100, 1000 
0.15 
15 
±0.020 
90 
±0.25+5/G 
3 
CDIP, 
PDIP, SolC 
Low 
Power: 
7V, 750l!A 


l:: 
INA103 
1-1k(3) 
0.1 
25 
±0.004 
110 
±0.25+5/G 
800 
CDIP, 
PDIP, SolC 
1nV/v'Hz 
Noise, 
0.0009% 
THD+N 
... 
INA104 
1-1k(3) 
0.15 
55 
±0.002 
106 
±0.25+10/G 
25 
MDIP 
High Accuracy, 
Internal 
4th op 
Amp 
';t 


INA110 
1,10,100,200,500 
0.1 
20 
±0.010 
106 
±0.25+5/G 
450 
CDIP, 
PDIP, SolC 
FET-Input, 
31'S ts, 50pA 
IB 
b:l 
(3 
INA111 
1-10k(3) 
0.5 
110 
±0.005 
106 
±5±100/G 
450 
PDIP, SolC 
FET-Input, 
41'S ts, 20pA 
IB, 8-pin 
DIP 


~ 
INA114 
1-10k(3) 
0.5 
110 
±0.002 
110 
±0.25+5/G 
10 
PDIP, SolC 
Accurate, 
Low cost, 
8-pin 
DIP 


;:s 
INA115 
1-10k(3) 
0.5 
110 
±0.002 
110 
±0.25+5/G 
10 
SolC 
INA 114 with 
additional 
pin-outs. 
•....• 


INA116 
1-1000 
0.5 
110 
±O.005 
86 
±O.25+20/G' 
70 
PDIP,SOIC 
Electrometer 
input 
(1 OfA), Guard 
Drl. 
(j 
t:I 
INA118 
1-10k(3) 
0.5 
110 
±0.002 
107 
±0.25+5/G 
100 
PDIP, SolC 
Low 
Power: 
±1.35V, 
350l!A. 
8-pin 
DIP 


I:l 
INA120 
1,10,100,1000 
0.2 
30 
±0.010 
106 
±0.25+10/G 
20 
PDIP 
Low Offset 
and Drift, 
High 
CMR 


S" 
INA128 
1-101<13) 
0.5 
100 
±O.OO2 
120 
±O.5±201G 
200 
PDIP,SOIC 
low 
Power, 
600~, 
8-pin 
DIP, SO-8 
b:l 
INA131 
100 
0.024 
10 
±0.002 
110 
±0.25 
70 
PDIP, SolC 
G = 100, 8 pin DIP, Ultra 
Low Gain 
Erro 


<:> 
INA141 
10,100 
0.075 
10 
±O.OO2 
117 
±O.5 
200 
PDIP,SOIC 
low 
Power, 
600~ 
<:>r 


INA2128 
1.101<13) 
0.5 
100 
±O.OO2 
120 
±O.5+201G 
200 
PDIP,SOIC 
Worlds 
first 
Dual 
lA, 
High 
Accuracy 


INA2141 
10,100 
0.075 
10 
±O.OO2 
117 
±O.5 
200 
PDIP,SOIC 
Dual 
lA, 2 Fixed 
Gains, 
low 
gain 
erro 
t'-< 
S· 
NOTES: (1) DC to 60Hz, balanced source impedance. (2) G = 100. (3) Set with external resistor. (4) G = 50. (5) G • 0.5. (6) G = 1. 


'"I:l... 
'"ll 
DIGITALLY PROGRAMMABLE 
GAIN AMPLIFI 
(3 
Non 
Offset 
Small 


~ 
Gain 
Gain 
linearity 
Voltage 
Signal 


,.., 
Digitally 
Error'2) 
Drlft{2) 
Error'2) 
CMR(1,2) 
Drift 
Bandwidth(2) 
~ 
Selected 
max 
max 
max 
mln 
±max 
typ 
Product 
Galns(2) 
(%) 
(ppmf'C) 
(%) 
(dB) 
(~VI"C) 
(kHz) 
Package 
Description 


PGA10D 
1,2,4, 
... 128 
0.02 
10 
0.005 
NA 
6' 
40 
CDIP 
8 Multiplexed 
S-E(3) inputs, 
8 Binary 
gains. 
Still Avai 


PGA102 
1,10,100 
0.025 
20 
0.01 
NA 
3 
250 
CDIP, 
PDIP 
3 S-E(3) inputs. 
Gain 
control 
per channel. 


PGA103 
1,10,100 
0.2 
3D' 
0.01 
NA 
2' 
250 
PDIP, SolC 
8-pin, 
low cost. 
1 S-E input. 
< 3 mA 
Iq. 


PGA200 
1,10,100,1000 
0.02 
10 
0.003 
106 
0.4 
30 
CDIP, 
PDIP 
IA(3) Input. 
Precision 
hybrid. 
Still Available. 


PGA202 
1,10,100,1000 
0.15 
60 
0.012 
92 
13 
1000 
CDIP, 
PDIP 
FET IA(3) Input. 
31'S ts, constant 
GBW. 


PGA203 
1,2,4,8 
0.15 
15 
0.012 
86 
27 
1000 
CDIP, 
PDIP 
FET tA(3) Input. 
31'S ts, constant 
GBW. 


PGA204 
1,10,100,1000 
0.024 
10 
0.002 
110 
0.25 
10 
PDtP, SolC 
IA(3) Input, 
DC precision. 
±40V 
protection. 


PGA205 
1,2,4,8 
0.024 
10 
0.002 
96 
0.26 
80 
PDIP, SolC 
IA(3) Input, 
DC precision. 
±40V 
protection. 


PGA206 
1,2,4,8 
0.05 
10 
0.002 
95 
2' 
600 
PDIP, SolC 
IA(3) Input. 
Fast: 
ts = 3.5l'S, 
SR = 25V/l'S. 


PGA207 
1,2,5,10 
0.05 
10 
0.002 
95 
2' 
600 
PDIP, SolC 
IA(3) Input. 
Fast: 
ts = 3.5l'S, 
SR = 25V/l'S. 


3606 
1,2,4, 
... 1024 
0.02 
10 
0.01 
110 
5 
10 
CDIP 
Precision 
Hybrid, 
29 Binary 
Gains. 


NOTES: (1) DC to 60Hz, balanced source impedance. (2) Listed specifications 
appiy for gain values in ~ 
from "Digitally Selected Gains" column. (3) S-E: Single-Ended 
input. IA: Instrumentation 
Amplifier inputs (differentiE 


impedance). 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC OENOTES PRODUCT IN DEVELOPM, 


I 


~ 
Offset 
~ 
Span 
Voltage 
Full Scale 
Supply 
Error 
Non- 
CMR 
Drill 
Output 
Output 
Voltage 
(Unadj) 
linearity 
60Hz 
max 
Zero Error 
Error 
Product 
Range (V) 
max(%) 
max(%) 
typ (dB) 
(l-lV/"C) 
±max 
max 


RCV420 
-5/11.4 to ±18 
0.002 
94 
1.25mV 
2.5mV 


XTR101 
11.6 to 40 
5 
0.01 
100 
0.75 
61lA 
301lA 


XTR103 
9 to 40 
1 
0.01 
100 
2.5 
501lA 
501lA 


XTR104 
9 to 40 
1 
0.01 
100 
2.5 
501lA 
501lA 
XTR110 
13.5to 40 
0.2 
0.005 
161lA 
321lA 


XTR501 
11.4t030 
2.5(1) 
0.025 
85 
50" 
1001lA 


NOTE:(1)Gain= 1. 


Voltage 
Span 
Non 
Frequency 
Current 
error 
Voltage 
linearity 
Response 
Product 
Output 
max(5) 
Output 
max(%) 
G = 1 (kHz) 


ALD1000 
4-20mA 
1 
±10V 
0.05 
100" 


Supply 
Voltage 


Vs- =-15V 
Vs+ = +24V 


Offset 
Gain 
Gain 
Non 
CMR(l) 
Voltage 
Small 
Error 
Drill" 
linearity 
DC 
Drill 
Signal 
Gain 
max 
max 
max 
mln 
max 
Bandwidth 
Product 
(VN) 
(%) 
(ppmf'C) 
(%) 
(dB) 
(l-lV/"C) 
typ (kHz) 


INA105 
1 
0.010 
5 
to.001 
86 
10 
1000 
INA106 
10 
0.025 
4" 
to.001 
86 
0.2" 
5000 
INA117 
1 
0.020 
10 
to.001 
86 
20 
200 


3627 
0.010 
5 
to.001 
100 
20 
800 


NOTE: (1)DC1060Hz,balancedsourceimpedance. 


Package 


CDIP, PDIP 
CDIP, PDIP, SOIC 
PDIP, SOIC 
PDIP, SOIC 
CDIP, PDIP, SOIC 
DIP 


Package 


SOIC 


Package 


TO-99, DIP,SOIC 
DIP, SOIC 
TO-99, DIP 


Description 


Precision 4-20mA current loop receiver. 
2 Wire transmitter, selectable in/out ranges. 
2 Wire, RTD excitation/linearization. 
2 Wire, Bridge excitation/linearization. 
3 Wire transmitter, selectable in/out ranges. 
1W bridge excitation for low Z sensors. 


Description 


Programmable 
voltage-to-current 
or 


voltage-to-voltage 
analog driver circuit. 


Description 


High Accuracy, Cost Effective 
High Accuracy, Cost Effective 
t200VDC Common Mode, 
t500VDC 
(VCM and VDIFF) Protected Input 
High Accuracy, High CMR (Still Available) 


• DENOTESTYPICAL 
BOLDDENOTESNEWPRODUCT 


BOLO, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


BURR - BROWN® 
IEEl EElI 


Precision Programmable 
CURRENTNOLTAGE 
TRANSMITTER 


FEATURES 


• 
SWITCHABLE 
OUTPUT 
±10V OR 4-20mA 


• 
DRIVES 
1000n 
II 1~F AT 20mA 


• 
VOLTAGE 
AND CURRENT 
SENSE 


• 
GROUND 
NOISE SUPPRESSION 


• 
ERROR DETECTION 
FLAG 


• 
OUTPUT 
DISABLE 


• 
ACCURACY: 
0.05% max 


• 
WIDE SUPPLY 
RANGE: 
±11V TO +241-15V 


This product is a monolithic programmable 
voltage-to- 


current or voltage-to-voltage 
analog line driver circuit. 


It can convert 
a ± 1OV input 
into either 
an output 


voltage 
or current 
with remote 
sensing. 
It provides 


drive for external transistors to boost output current to 
greater than ±25mA levels. 


Current and voltage sensing can be performed 
simulta- 
neously. Current sensing is achieved 
through a single 
'external 
sense resistor. 
Voltage 
sensing is performed 
directly across the load. The logic inputs provide for 
both output 
disable 
and switching 
between 
constant 


current or constant voltage output functions. 
An open 
collector output provides an error flag for open circuit 
loads. The output disable function allows full control 
of the output 
even during 
power-on 
and power-off 


sequencing. 
The instrumentation 
amplifiers 
are de- 


signed to insure that load noise is not circulated within 
the control loop. 


APPLICATIONS 


• 
PROGRAMMABLE 
CONTROLLERS 


• 
STANDARDIZED 
OUTPUTS 
FOR 
TERMINATION 
PANELS 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
PROGRAMMABLE 
CURRENT 
SOURCE 


• 
MOTOR 
CONTROL 
SYSTEMS 


• 
PC AND VME BASED 
INSTRUMENTATION 


• 
CONDITIONER 
FOR STANDARD 
SENSOR 
OUTPUTS 


• 
TEST EQUIPMENT 
PIN DRIVER 


Output 
Disable 


Input 
Select 


IAs Provide 
Clossd-Loop 


Gain Control 


Internal 
Drive 


E:demalNPN 
Drive 


International 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, 
AZ 8S734 
• 
Street Address: 
6730 5, Tucson 
Blvd. 
• 
Tucson, 
AZ 8S706 
Tel: (520)746-1111 
• 
Twx: 910.952·1111 
• 
cable: 
BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Producllnto: 
(800) 548-6132 


BURR - BROWNe 
IElElI 


ALD1000U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


TRANSMITTER 


SWOP INPUTS 
Linear 
Range 
Min 
Internal 
Drive Transistors 
-10 
V 


Linear Range 
Max 
5mA Load 
10 
V 


Input Bias Current 
50 
pA 


XTR OUTPUT 
Positive Overvoltage 
Sense 
19.5 
V 


Negative 
OverveltagB 
Sense 
Internal 
Drive Transistors 
-10.5 
V 


Positive 
Overcurrent 
Sense 
+25 
mA 


Negative 
Overcurrent 
Sense 
-15 
mA 


LOGIC INPUTS 
Logic Low 
0.8 
V 
Logic High 
4.0 
2.6 
V 


LOGIC OUTPUTS 
Logic High 
5V Logic Supply 
4.0 
V 


Logic Low 
with 10k pull-up resistor 
0.8 
V 


OUTPUT-VOLTAGE 
MODE (Gain = 1 unless otherwise 
specified) 


Span 
Error 
0.5 
1 
% 


Span 
Drift 
50 
ppm/"C of FS 


Linear Range 
Min 
O.I%ofFS 
-10 
Linear Range 
Max 
O.l%ofFS 
10 
Output Current 
Min 
Internal 
Drive Transistors 
-5 
mA 
Output Current 
Max 
Internal 
Drive Transistors 
5 
mA 
Short-Circuit 
Current 
Internal 
Drive Transistors 
25 
mA 
Short-Circuit 
Current 
Internal 
Drive Transistors 
-15 
mA 
Non-Linearity 
0.005 
0.05 
% 


Initial Offset Voitage-RTI 
2 
mV 
Offset 
Voltage 
vs Temperature 
20 
~vrc 


OUTPUT ~URRENT 
MODE 
(Gain::: 5 with son shunt resistor unless otherwise 
specified) 


Span 
Error 
5 
"10 


Span Drift 
Gain", 
1(1) 
50 
ppmJ'C of FS 
Output Current 
Min 
Internal 
Drive Transistors(2) 
-5 
mA 
Output Current 
Max 
Internal 
Drive Transistors(2) 
5 
mA 
Compliance 
Min 
-10 
V 
Compliance 
Max 
15 
V 
Offset Current 
Min 
-25 
~ 
Offset 
Current 
Min 
25 
~ 


INSTRUMENTATION 
AMPLIFIERS 
RLOAD 
= 10k 


IA INPUTS 
Linear Input Voltage 
Min 
-10 
V 
Linear Input Voltage 
Max 
20 
V 
Common-Mode 
Input Voltage 
Min 
V1N 
= 0 
-10 
V 
Common-Mode 
Input Voltage Max 
V1N 
= 0 
20 
V 
Input Bias Current 
100 
nA 
Initial Offset Vo~age 
G = 1 
-500 
500 
~V 
CMRR 
G = 10 
80 
100 


fA OUTPUTS 
(with 
10k Load) 
Output Voltage Max 
20 
V 
Output Voltage 
Min 
-10 
V 
+ Short Circuit Current 
5 
mA 
- Short Circuit Current 
-12 
mA 


GAIN EQUATION 
(gain 
= 1+SOkIRG) 


Gain 
Error I G = 1 
0.3 
%±FS 
G=5 
0.6 
%±FS 
G = 100 
0.8 
%±FS 
Non-Linearity, 
G = 1 
0.004 
%±FS 
G = 5 
0.008 
%±FS 
G = 100 
0.02 
%±FS 


BURR· BROWNe 
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SPECIFICATIONS 
(CONT) 


ALD1000U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 
G = 1 
700 
kHz 
G = 5 
400 
kHz 
G = 100 
50 
kHz 
Slew Rate 
Vo = ±10V. G = 10 
4 
VI",S 


SETTLING 
TIME, 0.01% 
G = 1 
20 
",S 
G = 5 
20 
",S 
G = 100 
30 
",S 


POWER SUPPLY 
Quiescent 
Current 
Internal Drive Transistors 
5 
mA 


TEMPERATURE 
RANGE 
Operating 
-40 
+85 
·C 
Storage 
-65 
+150 
·C 


ooo 
~C 
...J 
<I: 


NOTES: (1) Gain drift depends on tampeo of 50K factor on gain equation when gain is greater than 1. (2) External Drive capacity varies with configuration.see. 
Application 
Note. 
• 


PACKAGE 


28-Pin SOIC 


PACKAGE 
DRAWING 
NUMBER'" 


217 


Supply Voltage (±Vs) 
IA Inputs 
SWOP Inputs 
Logic Inputs 
. 
Junction Temperature 
. 


Storage Temperature 
Lead Temperature 
(soldering, 
10s) 


Oulput Short-to-Ground 
at 25·C .. 


.................................................... 
+25V, -18V 


................................................................. 
±40V 


.................................................... 
±Vs 
............... +Vs' -Vs + O.5V 


. 
150·C 


. 
-65·C 
to +150·C 


......................... 
+300·C 


..... Continuous 
A ELECTROSTATIC 
~DISCHARGE 
SENSITIVITY 
ORDERING 
INFORMATION 


I 


MODEL 


ALD1000U 


PACKAGE 


28-Pin SOIC 
This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure_ Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR·BROWN 
prodUct for use in life support devices and/or systems. 
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I~~I 
Burr-Brown Ie Data Book-Linear 
Products 


XTRGND 
0 


Disable 


Select 


Ce2 


Ce, 


P, 


N, 


Acot.t 


+Vs 


VOUT1 


V1NP1 


RGB1 


AGA, 


VtNN1 


28 
VERR 


Bias 


C 


XN 


Xp 


E 


P2 


N2 


-Vs 


VOUT2 


V1NP2 


RG82 


RGA2 


V1NN2 


PIN' 
NAME 
DESCRIPTION 


1 
XTRGND 
Power ground pin. 


2 
Disable 
A 5V signal puts the internal drive in a high impedance state and limits the external drive capacity. 


3 
Select 
Selects the SWOP amp input. A 5V signal selects inputs N1 and P1. 


4 
C", 
Gel and Ca are for the external compensation 
capacitor. 


5 
Ce, 
CC1 and CC2 are for the external compensation 
capacitor. 


6 
P, 
Non-inverting 
input to the XTR SWOP amp 1. 


7 
N, 
Inverting input to the XTR SWOP amp'. 


8 
Ace.. 
Signal ground for the instrumentation 
amplifiers. 


9 
+V, 
Positive power supply voltage. 


10 
Voor, 
Output of the instrumentation 
amplifier 1. 


11 
VINP1 
Non-inverting 
input to instrumentation 
amplifier 1. 


12 
R"", 
Gain set resistor for instrumentation 
amplifier 1. 


13 
Ro.<' 
Gain set resistor for instrumentation 
amplifier 1. 


14 
V1NN1 
Inverting input of instrumentation 
amplifier 1. 


15 
V1NN2 
Inverting input of instrumentation 
amplifier 2. 


16 
R"", 
Gain set resistor for instrumentation 
amplifier 2. 


17 
RG" 
Gain set resistor for instrumentation 
amplifier 2. 


18 
V1NP2 
Non-inverting 
input to instrumentation 
amplifier 2. 


19 
Voor, 
Output of the instrumentation 
amplifier 2. 


20 
-Vs 
Negative power supply voltage. 


21 
N, 
Inverting input to the XTR SWOP amp 2. 


22 
P, 
Non·inverting 
input to the XTR SWOP amp 2. 


23 
E 
Inverting input (emitter) of the output transconductance 
amplifier. 


24 
Xp 
Base drive for an external, PNP, driver transistor (optional). 


25 
X. 
Base drive for an external, NPN. driver transistor (optional). 


26 
C 
Output (collector) of the output transconductance 
amplifier. 


27 
Bias 
Open collector output indicating an internal overcurrent condition. 


28 
V'M 
Open collector output indicating an overvoltage condition. 
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TYPICAL PERFORMANCE CURVES 
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Figure 7, R, = 4000, C, = 1~f 
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Figure 7, R, = 2200, C, = 1~f 
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TYPICAL PERFORMANCE CURVES (CONT) 
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" 
Instrumentation 
Amplifiers 
Gain =5 


with ±1OV input 
, I 


G'al~'= 1 
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Input Voltage (V) 


ALD1000 
FUNCTIONAL 
BLOCKS 


The typical ALDIOOO control loop comprises 
three primary 
functional 
blocks 
(see Figure 
I): the current 
transmitter 


(XTR), the load, and the instrumentation 
amplifier (IA). The 
XTR can be further viewed as divided into the switchable 
input operational 
amplifier (SWOP amp), and the voltage to 


current, 
transconductance 
amplifier 
(TA). 
Each 
of these 
blocks 
plays 
a role in the dynamic 
performance 
of the 


control 
loop, particularly 
in terms of loop stability 
with 
reactive loads. 


THE CURRENT 
TRANSMITTER 
(XTR) 


The XTR produces 
the forward 
gain necessary 
for error 


amplification. 
It also controls the frequency response which 
must 
be adjusted 
to balance 
the trade-off 
between 
step 


response 
and stability when driving reactive loads. 


Within the XTR the SWOP amp serves as the input stage. It 
amplifies 
the error between the input and output signals to 
produce 
a precise 
signal to the TA to drive the load. The 


GAIN vs FREQUENCY 
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10 


Output Voltage 


SWOP amp has two pairs of inputs to provide flexibility of 
application. 
The SELECT 
logic input can switch between 
two input and feedback 
signals. 
Take 
care, 
however, 
to 


insure 
that the loop remains 
stable if switching 
between 


current and voltage feedback. 


The ALDlOOO handles a wide range of load conditions 
in 
either a voltage 
or current 
feedback 
application. 
The fre- 


quency characteristics 
of the potential 
load conditions 
vary 


widely. To accommodate 
these varying frequency character- 
istics the XTR includes a compensation 
network. It consists 


of a simple resistor divider 
network 
which forms a single 


pole, high pass, RC filter when a compensation 
capacitor is 


connected 
externally. 


The transconductance 
amplifier converts the output voltage 
of the SWOP amp into an output current to drive the load. 
Whether 
used in a current feedback 
or a voltage feedback 


loop, the ALDlOOO transmitter should be viewed as a source 
of current not voltage. In a voltage loop, the output current 
is converted to a feedback 
voltage by the load. In a current 
loop the output current is converted to a feedback voltage by 
the shunt resistor. The external, XTR gain resistor, tied to E 
(pin 23, Figure I), sets the voltage to current ratio. 
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10 
Monitor 
Current 
V0UT1 


VlNP1 


AcOM 
VINP2 


19 


AGB2 


Monitor Voltage 
V0UT2 
RGA2 


1S 
VlNN2 


V,. 
lOUT 
VOUT 
SELECT 
DISABLE 


0-2 
0-10mA 
1 
0 


0-10 
O-SOmA 
1 
0 


0.8-4 
4-20mA 
1 
0 


2-10 
10-S0mA 
1 
0 


O-S 
O-SV 
0 
0 


0-10 
0-10V 
0 
0 


±S 
±SV 
0 
0 


±10 
±10V 
0 
0 


X 
OFF 
OFF 
X 
1 
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THE INSTRUMENTATION 
AMPLIFIERS 
(IA) 


The ALDlooo 
includes two, general purpose, uncommitted, 
3-op amp, instrumentation 
amplifiers 
(see Figure 
I). The 
two IAs are connected 
to the common 
power supply and 
operate at full supply voltage. They share the same analog 
common reference. Otherwise they are configured 
indepen- 


dently for maximum 
flexibility. 


The instrumentation 
amplifier 
senses the feedback 
signal, 
reduces any common-mode 
component, 
and scales it to the 
level required. 


A more comprehensive 
discussion 
of the instrumentation 
amplifiers 
follows in a later section. 


The logic inputs used for the SWOP amp select and the 
XTR disable 
functions 
are simple, 
differential 
pair com- 


parators as shown in Figure 2. 


The logic outputs are open collector 
NPN transistors 
with 
their emitters at ground (pin I). 


FIGURE 
2. Simplified 
Diagram 
of the Internal ALDlooo 
Logic Input Circuitry. 


VOLTAGE 
ERROR 
INDICATION 


The VERR error signal at pin 28 triggers when the voltage at 
C (pin 26) exceeds 
the Positive Overvoltage 
Sense or the 
Negative 
Overvoltage 
Sense (see SPECIFICATIONS) 
in- 
ternal thresholds. 
When external transistors 
are used with- 
out connecting 
them to C, as shown in Figure 7, the load 
voltage cannot be detected. The logic signal will generally 
trigger to an error state (low). However, consider it indeter- 
minate under these conditions. 


INSTRUMENTATION 
AMPLIFIERS 


The IA gain is set by connecting 
a single, external resistor, 


Rg in Figure 3, between the gain set pins. 


INPUT PROTECTION 


The inputs of the ALD I000 instrumentation 
amplifiers 
are 
individually 
protected 
against 
over-voltage. 
Internal 
cir- 
cuitry on each input provides 
low series impedance 
under 


normal 
signal conditions. 
If the input is overloaded, 
the 
protection circuitry limits the input current to a safe value of 
approximately 
lma 
to 5ma. Refer to the typical 
perfor- 
mance curve "Input 
Bias Current 
vs Input Voltage." 
The 
inputs are protected even if the power supplies are discon- 
nected or turned off. 


IA INPUT OVERLOAD 
AND 
INPUT COMMON·MODE 
RANGE 


The 
linear 
voltage 
range 
of the 
input 
circuitry 
of the 
ALDlooo 
instrumentation 
amplifiers is from approximately 
O.6V below the positive 
supply to IV above the negative 
supply. However, 
the output swing of the input amplifiers 
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This behavior 
also depends 
in supply voltage-see 
perfor- 
mance curve "Input Common-Mode 
Range vs Output Volt- 
age." 


The combination 
of a significant 
differential 
signal and a 
high common-mode 
voltage as occurs in the current feed- 
back configuration 
reduces 
the common-mode 
range. Ex- 
ceeding 
the common-mode 
range results in a reduced 
IA 
output voltage. When this occurs the feedback 
loop can no 
longer balance. The forward gain of the ALD I000 amplifies 
this false error signal, the output voltage tries to increase, 
and this holds the IA in an overloaded 
condition. 


The ALD I000 applies 
two defenses 
against this problem. 


First, there is a lOOQ resistor in series with the transmitter 
output. This resistor, 
which primarily 
provides 
protection 
from over-voltage 
damage 
to the output terminal, 
acts to 
limit the output swing under high current conditions. 
Sec- 
ond, the ALD I000' s error detection 
circuitry signals when 
the transmitter 
output voltage exceeds rating. This serves to 
detect a potential 
lock condition. 


Limiting the transmitter's 
output swing to within the instru- 
mentation amplifier's 
input range allows the loop to recover 
without reducing the input signal should a transient voltage 
level exceed the common-mode 
input range. However, 
the 
common-mode 
range of the instrumentation 
amplifiers 
var- 
ies with application 
specific factors. Lock-up can occur. The 
application 
designer 
must 
provide 
defenses 
against 
this 
condition 
where it is warranted. 


USING THE INSTRUMENTATION 
AMPLIFIERS 
WITH 
A FLOATING 
SIGNAL 
SOURCE 


The input impedance 
of the ALDlooo 
instrumentation 
am- 
plifiers 
are very 
high-about 
106Q. Within 
a feedback 
loop, as shown in the examples, 
this characteristic 
acts to 
minimize 
errors caused by loading of the feedback 
signal. 


However, if used as an amplifier for a thermocouple, 
micro- 
phone, or other isolated signal source a path is needed for the 
input bias current. This current is nominally 
about JOOnA. 
Without a return path the inputs will float to a potential that 
exceeds 
the common-mode 
range 
of the amplifier. 
See 
Figure 10. 


The stability of a closed loop system such as the intended 
application 
of the ALDlooo 
requires adequate 
phase mar- 
gin. In contrast, 
excessive 
phase 
margin 
will reduce 
the 
circuit's 
transient response to fast changing signals. It is the 
intent of this section to give an insight into how the ALD I000 
circuits blocks affect dynamic performance. 
Selection of the 
loop architecture 
and compensation 
can then be done em- 
pirically. 


LOOP STABILITY 
AND THE XTR 


There are two critical parameters 
that must be controlled 
to 


111(ll~111WllH':11 
ut:uut;:s uynarmc 
penormance. 


Loop gain is the product of the forward 
voltage to current 
ratio, the load impedance, 
and the IA gain. The input error 
voltage is converted to an output current. The output current 
is converted 
to a feedback 
voltage by the load impedance. 


The feedback voltage is gained up by the feedback 
IA. All 
three blocks affect loop stability. 


The XTR gain resistor, which is connected to the E pin of the 
ALD I000, adjusts 
the voltage 
to current 
relationship. 
In- 
creasing 
this resistor 
decreases 
loop gain. This, 
in turn, 


increases phase margin and slows step response. This resis- 
tor will typically be between 250Q and 2500Q. 


In a voltage feedback loop the frequency 
at which the loop 
gain starts to roll off decreases with increasing capacitance. 
It is necessary 
to compensate 
for the loss of bandwidth 
caused 
by load capacitance. 
The 
compensation 
network 
provides this capability. 
Typical performance 
curve "Com- 
pensation Capacitor vs Load Capacitance" 
illustrates typical 
compensation 
capacitor values for load capacitance 
varying 
from Ipf to IlJ.f. Exact capacitor 
values will vary with the 
load resistance, 
the XTR gain resistor value, IA gain, and 
variability 
of the open loop gain of the ALDlooo 
SWOP 
amp. 
This curve 
provides 
a starting 
point 
for empirical 
selection of the compensation 
capacitor 
value. 


The effect described 
above is much less significant 
with a 
current feedback loop since the shunt resistor's 
capacitance 
can be easily controlled. 
The current feedback 
loop will be 
more robust when load conditions 
are unknown 
or varying. 


LOOP STABILITY 
AND THE INSTRUMENTATION 
AMPLIFIERS 


The frequency 
characteristics 
and gain of the instrumenta- 
tion amplifiers 
affect loop stability when they are used in a 
feedback 
loop. There are two main contributions. 
First, the 
IA gain directly 
multiplies 
loop gain. As a result high IA 
gains reduce phase margin. Second, when the input exceeds 
the IA range 
the IA output 
can no longer 
provide 
the 
necessary 
feedback. 
This can result in a lock condition. 
Both of these situations 
are discussed 
further below. 


LOOP GAIN AND THE INSTRUMENTATION 
AMPLIFIERS 


The ALDIOOO is designed for use in a feedback loop. When 
one of the instrumentation 
amplifiers is used as the feedback 
amplifier its gain directly contributes 
to loop gain. The loop 
can become 
unstable 
if the loop gain is too large. Con- 
versely, 
it may be possible 
to stabilize 
a difficult 
loop by 
reducing the gain of the IA. 


Refer to Figure 4. In this circuit the ALDlooo 
is configured 
in a current loop with a 50Q shunt resistor. A 20ma full scale 
current 
through 
the 50Q shunt results 
in a IV feedback 
signal. The IA must remove the common-mode 
level from 
the shunt voltage and scale the resulting 
differential 
signal 
up to the input signal level. 
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USING THE ALD1000 WITH 
EXTERNAL DRIVE TRANSISTORS 


FIGURE 
4. Simplified 
Block Diagram 
of a 20ma Current 
Loop. The IA is in a Gain of 5 to Match the IV 
Full Scale Shunt Signal to the 5V Full Scale 
Input Signal. 


Here the input signal affects loop stability. A IOV full scale 
input signal would require an IA gain of 10. A lower input 
signal, 5V as shown in Figure 4, allows the IA gain to be 
reduced to 5. This results in a lower loop gain and increased 
phase margin. 


Note that it is possible to reduce the IA gain to less than I 
by using a voltage divider at the IA output. 


VOLTAGE 
FEEDBACK 
AND THE 
INSTRUMENTATION 
AMPLIFIERS 


The 
instrumentation 
amplifiers 
can be used 
for remote 


sensing in a voltage feedback loop as illustrated in Figure 5. 
Here 
the instrumentation 
amplifier 
tends 
to reject 
small 
ground potential 
differences 
between 
the source and load. 


The voltage loop, however, is more sensitive to reactive load 
impedance 
than the current 
loop. The ALDIOOO emitter 
resistor and compensation 
capacitor need to be selected for 
the specific load conditions. 
Voltage feedback 
may not be 


appropriate 
for variable load conditions. 


FIGURE 
5. Simplified 
Block Diagram 
of the ALDIOOO in 
Voltage Feedback. 
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Power 
dissipated 
by the internal 
driver 
stage affects 
the 


built-in 
instrumentation 
amplifiers 
compromising 
their ac- 
curacy. 
External 
transistors 
reduce 
the 
internal 
power 
dissapation. 


The external transistors are configured 
as current sources. A 
PNP transistor 
delivers positive 
current. An NPN supplies 


the negative drive. Either or both can be used. For example 
a 4ma 
to 20ma 
current 
loop 
may 
only 
require 
a PNP 
transistor 
since negative 
current drive is not required. 
See 


Figure 9. 


Degeneration 
resistors 
are required 
(refer to R I and R2 in 
Figure 6). The value of the degeneration 
resistors will affect 


stability, 
load sharing with the internal driver devices, and 
the current 
limit value. These issues are covered 
in more 


detail below. 


EXTERNAL 
TRANSISTORS 
AND THE CURRENT 
• 
LIMIT VALUE 
ena: 
w 
u:::i 
Q. 
:E 
<r: 
zo 


~~Zw 
:E 
::::)a:I- 
enZ 


The ALDlOOO contains circuitry 
to prevent damage to the 
internal components 
due to excess current. When using the 


internal driver stage by itself, current to the load is limited 
to about 20ma at room temperature. 
When using external 
drivers, 
the current 
limit depends, 
approximately, 
on the 


load sharing ratio between the internal and external transis- 
tors. Figure 6 illustrates the circuit relationship 
between the 


current limit circuitry and external drive transistors. 


The degeneration 
resistors, R] and R2 in Figure 6, control the 
load sharing between 
the internal 
and external 
transistors. 


Choose the resistor values by measuring 
load current, cur- 
rent 
through 
the external 
transistor, 
and calculating 
the 
current being supplied by the internal drive. 


LOOP STABILITY 
AND THE DEGENERATION 
RESISTORS 


Loop stability depends on loop gain. Because the degenera- 
tion resistors 
affect the voltage to current ratio of the loop 
the value of these resistors 
also affect loop gain and thus 


stability. 
Smaller resistor values will increase 
loop gain. It 
may be necessary 
to compensate 
for this by adjusting 
the 
value of the XTR gain resistor connected to the E Pin, R4 in 
Figure 6. 


EXTERNAL 
TRANSISTORS 
AND OUTPUT 
VOLTAGE 
SWING 


The output voltage swing must be limited within the input 
range of the instrumentation 
amplifiers. 
The loon 
resistor 
shown in Figure 6 limits output swing under high current 
conditions. 
Resistor R3 performs this function with external 
transistors. 
R3 must be sized to limit output swing, at the 
expected full load, within the input range of the instrumen- 
tation amplifiers. Refer to the section on the instrumentation 
amplifiers 
for further information. 


A, 


To 
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Xp 


Limit 
24 


loon 
c 


26 
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E 


23 


A, 


X. 
To 
25 
Negative 
"7 
Current 
Limit 


A, 


-vs 


AL01000 
OUTPUT STAGE 


FIGURE 6. Simplified Schematic Showing the Use of External Drive Transistors. 
R, and R2 Provide Degeneration 
that Affects 


the Current Limit and Loop Stability. R4 Controls the Transconductance 
Amplifier Gain Affecting Loop Stability 
and Transient 
Response. 
See the Text. 
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FIGURE 
9. Sharing 
Load Between 
Internal 
Drive Transistors 
and Positive 
External 
Drive Transistors 
to Increase 
Load 
Capacity. 
A Similiar Configuration 
is Possible with the Negative 
External Drive Transistor. 


FIGURE 
10. Showing 
Flexibility 
in Application: 
Using Direct 
Voltage 
Feedback 
to Free Both IAs; Using an IA as a 
Differential 
Input; Using a Grounded Input to Provide an Off State; Providing 
a Ground Path for Bias Current 
With a Thermocouple. 
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High Accuracy 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW DRIFT: 0.2511V/"C max 


• 
LOW OFFSET VOLTAGE: 
2511Vmax 


• 
LOW NONLINEARITY: 
0.002% 


• 
LOW NOISE: 13nVl'i'HZ 


• 
HIGH CMR: 106dB AT 60Hz 


• 
HIGH INPUT IMPEDANCE: 
10,on 


.14-PIN 
PLASTIC, 
CERAMIC 
DIP, 


SOL-16, 
AND TO-100 PACKAGES 


The INA I01 is a high accuracy instrumentation 
ampli- 
fier designed 
for low-level 
signal amplification 
and 
general purpose data acquisition. 
Three precision 
op 
amps and laser-trimmed 
metal film resistors are inte- 
grated on a single monolithic integrated circuit. 


• 
STRAIN 
GAGES 


• 
THERMOCOUPLES 


• 
RTDs 
• 
REMOTE TRANSDUCERS 


• 
LOW-LEVEL 
SIGNALS 


• 
MEDICAL 
INSTRUMENTATION 


The INAIOI 
is packaged 
in TO-Ioo 
metal, 
14-pin 
plastic and ceramic DIP, and SOL-16 surface-mount 
packages. 
Commercial, 
industrial 
and military 
tem- 
perature range models are available. 
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SPECIFICATIONS 


ELECTRICAL 
At +25°C with ±15VDC power supply and in circuit of Figure 1 unless otherwise noted. 


INA101AM, 
AG 
IHA101SM, 
SG 
INA101CM, 
CG 
INA101HP, 
KU 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
M1N 
TYP 
MAX 
UNITS 


GAIN 
Range of Gain 
1 
1000 
VN 


Gain Equation 
G. 
"1404<11\,) 
VN 


Error from Equation, (01) 
i(O.04 
.•.0.000100 
t(O.1 + 0.0003G 
t(O.1 .• 
t(O.3+ 
" 
-MOO) 
-{].OSIG) 
0.000100) 
0.0002G) 


-{].OSIG 
-{].IOIG 


Gain Tamp. CoeIficien~:J) 


G·I 
2 
5 
ppm"C 
G.10 
20 
'00 
10 
PllflII"C 
G.lOO 
22 
110 
11 
PllflII"C 


G •• l000 
22 
110 
11 
ppm"C 
Ncrinearl1y,1JCl'l 
jjO.OO2.IO-<G) 
~O.OO5 .•.2 x 10-&Gl 
jjO.OOl 
jjO.OO2 
jjO.OOI 
>(0.002 
"01 i>i>FS 
"0-< G) 
.10"6Gl 
.1()-5Gj 
,'O-<G) 


RArnlOllTP\lT 
Vollage 
>10 
±12.5 
V 


Cu."" 
±5 
.,0 
mA 


~ 
Impedaroce 
0.2 
" 
CapaciIiv<Iload 
1000 
pF 


INPlfT 
OFFSET 
VOLTAGE 


Initial Offsel 
at +25°C 
±(25 
.•. 2OOIG) 
jj50.4OOIG) 
±to. 
'125 
±{10. 
jj25. 
±(125+ 
±(250+ 
"V 
lOOIG) 
.2OOIG) 
lOOIG) 
2OOIG) 
'SOIG) 
9OOIG) 


vs Temperature 
t(2+ 2OJG) 
t(O.75 
±(O.2S. 
±(2+201G) 
jJ.V/oC 


+ 100) 
IOIG) 
vsSupply 
t(1 .•.2OIG) 
"VN 
vsTime 
t(t +20fG) 
IlV1mo 


INPUTBIAS CURRENT 
InilialBiasCurrent 
1.""'''''1) 
.,5 
±30 
.,0 
±5 
±20 
nA 


YS Temperature 
.0.2 
nN"C 


vsSupply 
.0.1 
nAN 


IrntiaJ0!fse1 Coo"" 
"5 
±30 
"0 
±5 
±20 
nA 


YS Temperature 
.0.5 
nN"C 


INPUT IMPEDANCE 
Ddlerential 
101°113 
"lIpF 
Common-.- 
WOll3 
"lIpF 


INPUT VOLTAGE 
RANGE 


Range, Unoar Response 
.,0 
.,2 
V 
CMR with 1kll 
Source 
Imbalance 


OCto6OHz,G=1 
80 
90 
55 
as 
dB 


DC 1060Hz, 
G '" 10 
96 
106 
90 
95 
dB 
DC to 60Hz, G = 100 10 1000 
106 
110 
100 
105 
dB 


INPlITNOISE 
Input Voltage 
Noise 


fB,"0.01Hzto 
10Hz 
0.8 
J.lV,p-p 
Density, G:: 1000 
fa. 
10Hz 
18 
nV/..JRZ' 


Ie. 
100Hz 
15 
nvNRZ 


Ie. 
1kHz 
13 
nVNHZ 
Input Current 
Noise 


'B. 
0.01 Hz to 10Hz 
50 
pA,i>i> 
Densi1y 
Ie' 
10Hz 
0.8 
pN-IHi 


Ie' 
100Hz 
0.46 
~ 


Ie' 
1kHz 
0.35 
pN-IHi 


DyN •••••K: RESPONSE 
SmaI Signal, LldB F1a1ness 
G.l 
300 
kHz 


G.l0 
14<1 
kHz 


G •• loo 
25 
kHz 


G·looo 
2.5 
kHz 


Small Signal,±1%FIatness 


G.l 
20 
kHz 
G.l0 
10 
kHz 
G'01oo 
I 
kHz 
G •• 1000 
200 
Hz 
Full Power, G:: 110 100 
6.' 
kHz 


Slew Rate, G:: lto 
100 
0.2 
0.' 
V,"s 
Settling 
Time (0.1%) 
G.l 
30 
4<1 
"' 
G·lOO 
4<1 
55 
"' 
G •• l000 
3SO 
.70 
"' 
Settling 
Time (0.01%) 
G.I 
30 
45 
"' 
G •• l00 
50 
70 
"' 
G·looo 
SOO 
6SO 
"' 
POWER SUPPlY 
RatedVoIlage 
.,5 
V 
VoIlageRange 
±5 
±20 
V 
ClJrreot.Q;esceoI2l 
±6.7 
±e.s 
mA 


TEMPERATURE 
RANGE(SI 
_bon 
-25 
... 
..,. 
.125 
0 
.70 
"C 


Operation 
..,. 
.125 
-25 
.as 
"C 


S1O<age 
-65 
.150 
-<ll 
.as 
"C 


SpecificaliOf'lS 
same as for INA 101AM, AG. 


NOTES: 
(1) Typically 
the tolerance 
01 Ro will be Ihe major source 
of gain error. (2) Nonlinearity 
is the maximum 
peak devialion 
from the besl straight-line 
as a percentage 
01 peak-Io-peak 
full scale OUIpul. 
(3) Not including 
the TeA 
01 Ro. (4) Adjustable 


to zero at anyone 
gain. (5) 9JC output stage. 
113°CIW, 
9JC quiescent 
circuitry. 
19°CIW, 
9cA. 
83°CIW. 
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TO-loo 
M Package 
-In 


Offset 
Adjust 


Offset 
Adjust 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


INA101AM 
10-Pin Metal TO-lCO 
-2S·C to +8S·C 
INA101CM 
10-Pin Metal TO-lCO 
-25°C 
to +85°C 
INA101AG 
14-Pin Ceramic 
DIP 
-2S·C to +8S·C 
INA101CG 
14-Pin Ceramic 
DIP 
-2S·C to +8S·C 
INA101HP 
14-Pin Plastic DIP 
O·C to +70·C 
INA101KU 
SOL-16 Surface-Mount 
O·C to +70·C 
INA101SG 
14·Pin Ceramic 
DIP 
-55°C 
to +125°C 
INA101SM 
10-Pin Metal TO-lCO 
-55°C 
to +125°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


INA101AM 
10-Pin Metal TO-l00 
007 
INA101CM 
10-Pin Metal TO-100 
007 
INA101AG 
14-Pin Ceramic 
DIP 
169 
INA101CG 
14-Pin 
Ceramic 
DIP 
169 
INA101HP 
14-Pin Plastic DIP 
010 
INA101KU 
SOL -16 Surface-Mount 
211 
INA101SG 
14·Pin Ceramic DIP 
169 
INA101SM 
10-Pin Metal TO-100 
007 


Offset Adj. 


Offset Adj. 
7 


Supply Vo"age .. 
_.__._.±20V 


Power Dissipation 
. 
600mW 


Input Voltage 
Range. 
. 
±VCC 


Output Short Circuit (to ground) 
.. 
. 
, 
Continuous 
Operating Temperature 
M, G Package 
-SS·C to +12S·C 
P, U Package 
.. 
-2S·C to +8S·C 
Storage Temperature 
M, G Package.... 
. -<5S·C to +1S0·C 
P, U Package 
. -40·C 
to +8S·C 
Lead Temperature 
(soldering, 
10s) M, G, P Package 
+300°C 
Lead Temperature 
(wave soldering, 
3s) U Package 
+260C'C 


A 
ELECTROSTATIC 
Jl».. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


The information 
provided herel" ISbelieved 
to be rellaOle; however, 
BURR-BROWN assumes 
no responsIbility 
for Inaccuracies 
oromlsslons. 
BURR-BROWN assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. 
No patent rights or licenses 
to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
prodUct for use in life support devices 
and/or 
systems. 
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Low Power 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW QUIESCENT 
CURRENT: 
7501JA max 


• 
INTERNAL 
GAINS: 
1, 10, 100, 1000 


• 
LOW GAIN DRIFT: 5ppml"C 
max 


• 
HIGH CMR: 90dB 
min 


• 
LOW OFFSET 
VOLTAGE 
DRIFT: 
2J..lVI"C max 


• 
LOW OFFSET 
VOLTAGE: 
100J..lVmax 


• 
LOW NONLINEARITY: 
0.01% max 


• 
HIGH INPUT IMPEDANCE: 
10,oQ 


The INA102 is a high-accuracy 
monolithic instrumen- 
tation 
amplifier 
designed 
for 
signal 
conditioning 


applications 
where low quiescent 
power 
is desired. 


On-chip thin-film resistors provide excellent tempera- 
ture and stability performance. 
State-of-the-art 
laser- 
trimming 
technology 
insures high gain accuracy 
and 
common-mode 
rejection 
while 
avoiding 
expensive 
external components. 
These features make the INA102 


ideally 
suited for battery-powered 
and high-volume 
applications. 


The INAI02 is also convenient to use. A gain of 1, 10, 
100, or 1000 may be selected by simply strapping the 
appropriate 
pins together. A gain drift of 5ppml°C in 
low 
gains 
can 
then 
be achieved 
without 
external 


adjustment. 
When 
higher-than-specified 
CMR 
is 


required, 
CMR can be trimmed 
using the pins pro- 


vided. In addition, 
balanced 
filtering 
can be accom- 
plished in the output stage. 


• 
AMPLIFICATION 
OF SIGNALS 
FROM 
SOURCES 
SUCH AS: 
Strain 
Gages 
(Weigh 
Scale Applications) 
Thermocouples 
Bridge 
Transducers 


• 
REMOTE 
TRANSDUCER 
AMPLIFIER 


• 
LOW-LEVEL 
SIGNAL 
AMPLIFIER 


• 
MEDICAL 
INSTRUMENTATION 


• 
MULTICHANNEL 
SYSTEMS 


• 
BATTERY 
POWERED 
EQUIPMENT 


International 
Airport Industrial 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, AZ 85734 
• 
Street Address: 
6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 


Tel: (520)746-1111 
• 
Twx: 910.952·1111 
• 
Cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Info: (BOO) 546-6132 


BURR-SROWN~ 
IElEU 


INA102AG 
INA102CG 
INA102KPnNA102AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GAIN 
I 
I 
Range of Gain 
1 
1000 
VN 


Gain Equation, External, ±200/0 
G: 
1 + (40klRG)(I) 
VN 


Error, DC: G = 1 
T. = +25"C 
0.1 
0.05 
0.15 
% 


G = 10 
T,,:: 
+25°C 
0.1 
0.05 
0.35 
% 


G = 100 
T. = +25"C 
0.25 
0.15 
0.4 
% 


G = 1000 
T,,:: 
+25°C 
0.75 
0.5 
0.9 
% 


G = 1 
TA:: 
TMIN to TMAX 
0.16 
0.08 
0.21 
% 


G = 10 
TA = TMIN to TMA)( 
0.19 
0.11 
0.44 
% 


G = 100 
T" = TM1N to TMA)( 
0.37 
0.21 
0.52 
% 
N 


G = 1000 
T" = TMIN to TMA)( 
0.93 
0.62 
1.08 
% 
0 


Gain Temp. Coefficient 
or" 


G: 
1 
10 
5 
ppml"C 
« 
G: 
10 
15 
10 
ppml"C 


G = 100 
20 
15 
ppml"C 
Z 


G = 1000 
30 
20 
ppmFC - 
Nonlinearity, 
DC 
G= 
1 
TA = +25°C 
0.03 
0.01 
%01 FS 
G = 10 
T. = +25"C 
0.03 
0.01 
%01 FS 
, 


G = 100 
TA = +25°C 
0.05 
0.02 
%ofFS 
G = 1000 
T" = +25°C 
0.1 
0.05 
%of 
FS 
G= 
1 
TA = TM1N to TMA)( 
0.045 
0.015 
%of 
FS 
en 


G = 10 
TA = TM1N to 
TMA)( 
0.045 
0.015 
%of 
FS 
a:: 
G = 100 
T,,::;: TM1N to TMAX 
0.075 
0.03 
%01 FS 
G = 1000 
T" = TM1N to TMAX 
0.15 
0.1 
%of 
FS 
W 


RATED OUTPUT 
u: 


Voltage 
I 


RL: 
10kn 


T~1-r 
021 


V 
:J 


Current 
mA 
a. 


Short Circuit Current(2) 
mA 
~ 
Output Impedance, 
G : 1000 
n 
« 
INPUT 
Z 
OFFSET VOLTAGE 
I 
I 
I 
I 
I 
I 
0 
Initial Offset(3) 
T. = +25"C 
±300±300/G 
±100 ±200/G 
}!V 
INA102AU 
1±5±10/GI 
1±2±5/G I 


±500±300/G 
}!V 


~ 


vs Temperature 
}!VFC 
vs Supply 
±40±50/G 
±10 ±20/G 
}!VN 
~ 
I 
Z 
vs Time 
±(20 + 30/G) 
llV/mo 


BIAS CURRENT 
W 


Initial Bias Current 
~ 


(Each Input) 
TA = TM1N to TMAX 
25 
50 
6 
30 
nA 
::;) 


vs Temperature 
±0.1 
nArC 
a:: 
vs Supply 
±0.1 
nAN 
I- 
Initial Offset Current 
T" = TM1N to TMA)( 
±2.5 
±15 
±2.5 
±10 
nA 
en 
vs Temperature 
±0.1 
nArC 


IMPEDANCE 
Z- 
Differential 
10" 
112 
nil 
pF 
Common-Mode 
10" 
112 
nil 
pF 


VOLTAGE 
RANGE 
Range, Linear Response 
TA = TM1N to TMAX 
±(IVccl- 
4.5) 
V 
CMR With 1kn Source Imbalance 
G= 
1 
DC to 60Hz 
80 
94 
90 
75 
dB 
G = 10 
DC to 60Hz 
80 
100 
90 
dB 
G = 10to 
1000 
DC to 60Hz 
80 
100 
90 
dB 


NOISE 
Input Voltage Noise 


fa = 0.01 Hz to 10Hz 
1 
}!Vp-P 


Density, G : 1000: fo = 10Hz 
30 
nV/v'Hz 
fo = 100Hz 
25 
nV/v'Hz 


fo = 1kHz 
25 
nVlv'Hz 
Input Current Noise 
ta = 0.01 Hz to 10Hz 
25 
pAp-p 
Density: to = 10Hz 
0.3 
pAlv'Hz 
to: 
100Hz 
0.2 
pAlv'Hz 
to = 1kHz 
0.15 
pAlv'Hz 


BURR-BROWNe 
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I 
INA102AG 
INA102CG 
I 
INA102KPnNA102AU 


PARAMETER 
CONDITIONS 
I 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX I 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
RESPONSE 


Small Signal, 
±3dB Flatness 
VOUT 
::: O.1Vrms 
G = 1 
300 
kHz 
G: 
10 
30 
kHz 


G = 100 
3 
kHz 
G = 1000 
0.3 
kHz 


Small Signal, 
±1% Flatness 
VOUT = O.lVrms 
G = 1 
30 
kHz 
G: 
10 
3 
kHz 


G = 100 
0.3 
kHz 


G = 1000 
0.03 
kHz 


Full Power, G = 1 to 100 
Vour = 10V, RL = 10kQ 
1.7 
2.5 
kHz 
Slew Rate, G = 1 to 100 
Vour = 10V, RL = 10kQ 
0.1 
0.15 
VII'S 
Settling Time 
RL = 10kn, CL = 100pF 
0.1%: G = 1 
10V Step 
50 
I'S 
G = 100 
360 
I's 
G = 1000 
3300 
I's 
0.01%: 
G = 1 
10V Step 
60 
I'S 
G = 100 
500 
I'S 
G = 1000 
4500 
I'S 


POWER SUPPLY 


Rated Voltage 
±15 
V 
Voltage Range 
±3.5 
±18 
V 


Quiescent 
Current 
Vo = OV, 


TA = TM1N to TMAX 
±500 
±750 
I1A 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
0 
+70 
°C 
INA102AU 
-25 
+85 
°C 
Operation 
RL> 
50kn(2) 
-25 
+85 
-25 
+85 
°C 
Storage 
~5 
+150 
-{is 
+125 
°C 


·Specification 
same as for INA 102AG. 
NOTES: (1) The internal gain set resistors have an absolute tolerance of ±20%; however, their tracking is 50ppmrC. 
RGwill add to the gain error if gains other than 
1,10,100, 
or 1000 are set externally. 
(2) At high temperature, 
output drive current is limited. An external buffer can be used it required. 
(3) Adjustable 
to zero. 


16 
Offset Adjust 


+In 


-In 


Filter 


+Vcc 


Output 


Common 


-Vec 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


INA102AG 
16-Pin Ceramic DIP 
-25°C 
to +85°C 
INA102CG 
16-Pin Ceramic DIP 
-25°C 
to +85°C 
INA102KP 
16-Pin 
Plastic 
DIP 
O°C to +70°C 
INA102AU 
16-Pin Plastic SOIC 
-25°C 
to +85°C 


Supply 
±18V 
Input Voltage Range 
±Vcc 
Operating Temperature 
Range 
-25QC 
to +85°C 
Storage Temperature 
Range: Ceramic.. 
. 
. 
-65°C 
to +150°C 
Plastic, SOIC 
-{i5°C 
to +125°C 
Lead Temperature 
(soldering. 
10s) . 
. 
+300°C 
Output Short Circuit Duration 
Continuous 
to Ground 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl') 


INA102AG 
16 
MPin Ceramic DIP 
109 
INA102CG 
16-Pin Ceramic DIP 
109 
INA102KP 
16-Pin Plastic DIP 
180 
INA102AU 
16-Pin SOIC 
211 


BURR-BROWNIB 
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BURR - BROWN® 
IElElI 


Low Noise, Low Distortion 
INSTRUMENTATION 
AMPLIFIER 


FEATURES 


• 
LOW NOISE: 
1nVl~ 


• 
LOW THD+N: 
0.0009% 
at 1kHz, G = 100 


• 
HIGH GBW: 
100MHz 
at G = 1000 


• 
WIDE SUPPLY 
RANGE: 
±9V to ±25V 


• 
HIGH CMRR: 
>110dB 


• 
BUILT-IN 
GAIN SETIING 
RESISTORS: 
G = 1, 100 


• 
UPGRADES 
AD625 


The INAlO3 is a very low noise, low distortion mono- 
lithic instrumentation 
amplifier. 
Its current-feedback 
circuitry achieves very wide bandwidth 
and excellent 
dynamic response. It is ideal for low-level audio signals 
such as balanced 
low-impedance 
microphones. 
The 
INAlO3 
provides 
near-theoretical 
limit noise perfor- 
mance for 2000 
source impedances. 
Many industrial 
applications 
also benefit from its low noise and wide 
bandwidth. 


Unique distortion cancellation circuitry reduces distor- 
tion to extremely 
low levels, even in high gain. Its 
balanced 
input, low noise and low distortion 
provide 
superior performance compared to transformer-coupled 
microphone amplifiers used in professional audio equip- 
ment. 


The INAI03's 
wide supply voltage (±9 to ±25V) and 
high output current drive allow its use in high-level 
audio stages as well. A copper lead frame in the plastic 
DIP assures excellent thermal performance. 


• 
HIGH QUALITY 
MICROPHONE 
PREAMPS 


(REPLACES 
TRANSFORMERS) 


• 
MOVING-COIL 
PREAMPLIFIERS 


• 
DIFFERENTIAL 
RECEIVERS 


• 
AMPLIFICATION 
OF SIGNALS 
FROM: 
Strain 
Gages (Weigh Scale Applications) 


Thermocouples 
Bridge 
Transducers 


The INAlO3 is available in 16-pin plastic DIP, 16-pin 
ceramic 
DIP and SOL-16 
surface-mount 
packages. 


Commercial 
and industrial temperature 
range models 


are available. 


G: 
100 


+RG 


+Gain Sense 


BURR-BROWN~ 
IElEU 


t:Lt:1,,; I HII,,;AL 


All specifications 
at TA = +25°C, Vs:: 
±15V and RL = 2kQ, unless otherwise 
noted. 


INA103AG 
INA103BG 
INA 103KP. KU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GAIN 
Range of Gain 
1 
I 
J. 
1000 
VN 


Gain Equation 
(1) 
G = 1 + 6kntRG 
VN 


Gain Error, DC G = 1 
±10V Output 
0.005 
0.05 
0.003 
0.01 
% 


G = 100 
0.05 
0.25 
0.04 
0.1 
0.07 
% 


Equation 
0.5 
0.1 
% 
Gain Temp. Co. G = 1 
±10V Output 
10 
ppm/oC 


G = 100 
25 
ppm/oC 


Equation 
25 
ppm/oC 
Nonlinearity, 
DC G = 1 
±10V Output 
0.0003 
0.01 
0.0002 
0.002 
%ofFS(Z) 


G = 100 
0.0006 
0.01 
0.0006 
0.004 
%01 FS 


OUTPUT 
Voltage, RL = 600n 
TA = TM1N to TMAX 
±11.5 
±12 
V 


RL = 600n 
Vs = ±25, TA = 25°C 
±20 
±21 
V 


Current 
TA 
"" TM1N to TMAX 
±40 
mA 


Short Circuit Current 
±70 
mA 


Capacitive 
Load Stability 
10 
nF 


INPUT OFFSET VOLTAGE 
Initial Offset RTI 
(3) 
(20 + 
(100 + 
(20 + 
(50 + 
(30 + 
700/G) 
5000/G) 
320/G) 
2000/G) 
1200/G) 
I1V 
(KU Grade) 
(250+ 


5000/G) 
llV 


vs Temp G = 1 to 1000 
TA = TM1N to TMAX 
1 + 20/G 
0.75 + 10/G 
1 + 20/G 
llVioC 


G = 1000 
TA=TMINtoTMAX 
1 
2 
llV/oC 
vs Supply 
±9V to ±25V 
0.2 + 8/G 4 + 60/G 
2 + 30/G 
llVN 


INPUT BIAS CURRENT 
Initial Bias Current 
2.5 
12 
8 
llA 
vs Temp 
TA = TM1N to TMAX 
15 
40 
(4) 
nArC 


Initial Offset Current 
0.04 
1 
0.03 
0.5 
llA 
vs Temp 
TA = TM1N to TMAX 
0.5 
2.5 
(4) 
nArC 


INPUT IMPEDANCE 
Differential Mode 
60112 
Mn II pF 
Common-Mode 
60115 
Mn II pF 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Range 
(5) 
±11 
±12 
V 


CMR 
G = 1 
DC to 60Hz 
72 
86 
80 
91 
dB 
G = 100 
DC to 60Hz 
100 
125 
110 
129 
dB 


INPUT NOISE 
Voltage 
(6) 
Rs = on 


10Hz 
2 
nV/'I'Hz 


100Hz 
1.2 
nV/'I'Hz 


1kHz 
1 
1.4 (4) 
nV/'I'Hz 


Current, 
1kHz 
2 
pN'I'Hz 


OUTPUT 
NOISE 


Voltage 
1kHz 
65 
nV/'I'Hz 
A Weighted, 
20Hz-20kHz 
20Hz-20kHz 
-100 
dBu 


DYNAMIC 
RESPONSE 


-3dB 
Bandwidth: 
G = 1 
Small Signal 
6 
MHz 


G = 100 
Small Signal 
800 
kHz 


Full Power Bandwidth 
G = 1 
VOUT 
= ±10V, RL = 600n 
240 
kHz 
Slew Rate 
G=1t0500 
15 
V/llS 


THO + Noise 
G = 100, f = 1kHz 
0.0009 
% 


Settling Time 0.1% 
G = 1 
Va = 20V Step 
1.7 
llS 
G = 100 
1.5 
llS 


Settling Time 0.01 % 
G= 
1 
Va = 20V Step 
2 
lls 


G = 100 
3.5 
l'S 


Overload 
Recovery 
(7) 
50% Overdrive 
1 
llS 


·Same specification 
as INA 103AG. 


NOTES: (1) Gains other than 1 and 100 can be set by adding an external resistor, RG between pins 2 and 15. Gain accuracy is a function of RG• (2) FS = Full Scale. 


(3) Adjustable 
to zero. (4) Guaranteed 
by design. (5) Vo = OV, see Typical Curves for VCM vs Vo' (6) VNOISERTt 
= ..JV2NINPUT 
+ (VNouTPu!Gain)2 + 4KTRG, 
See Typical 


Curves, (7) Time required for output to return from saturation to linear operation following the removal of an input overdrive voltage, 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 


INA103AG 
INA103BG 
INA103KP, 
KU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
Rated Voltage 
±15 
V 


Voltage Range 
±9 
±25 
V 


Quiescent 
Current 
9 
12.5 
mA 


TEMPERATURE 
RANGE 
Specification 
-25 
+85 
0 
+70 
°e 


Operation 
-55 
+125 
-40 
+85 
°e 


Storage 
-j)5 
+150 
-40 
+100 
°e 


Thermal Resistance, 
6JA 
100 
°elW 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
+Input 
9 
V+ 
2 
+Gain Sense 
10 
Output 
3 
+Offset Null 
11 
Sense 
4 
-Offset 
Null 
12 
-Gain 
Drive 
5 
+Gain Drive 
13 
-RG 


6 
+RG 
14 
G = 100 
7 
Ref 
15 
-Gain 
Sense 


8 
V- 
16 
-Input 


MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
194xl15±5 
4.93 x 2.92 ±O.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
Chromium-Silver 


A ELECTROSTATIC 
~DISCHARGE 
SENSITIVITY 
PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


INA103AG 
Ceramic DIP 
109 
INA103BG 
Ceramic DIP 
109 
INA103KP 
Plastic DIP 
180 
INA103KU 
SOL-16 
211 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 


and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 


may be more 
susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


MODEL 
PACKAGE 
TEMP RANGE 


INA103AG 
Ceramic DIP 
-25°e 
to +85°e 
INA103BG 
Ceramic DIP 
-25°e 
to +85°e 
INA103KP 
Plastic DIP 
DOC to +70°C 
INA103'(U 
SOL-fO 
o"e 
to +70"C 


BURR-BROWNI!Il 
IE:lE:lI 
Burr-Brown Ie Data Book-Linear 
Products 


For Immediate Assistance, Contact YourLocal Salesperson 


ABSOLUTE 
MAXIMUM 
RATINGS 


+ Input 


+ Gain Sense 


+ Offset Null 


- Offset Null 


+ Gain Drive 


+P" 


Ref 


V- 
8 


DIP or sOle 


16 
- Input 


-Gain 
Sense 


G = 100 


-Ra 


-Gain 
Drive 


Sense 


Output 


9 
V+ 


~ 
±20 
go.. 
a: 


<D 
~ 
±15 
g 


=> 
~ 
±10 


22 


~ 
16.5 
<D 
'" 
J!! 
0> 


<D 
"0 
11 
0 
~ 
0 
E 
E 
5.5 
0u 


0 
5.5 
11 
16.5 
22 


Output Voltage (V) 


Power Supply Vollage 
.... 
Input Voltage 
Range. 
Continuous. 


Operating 
Temperature 
Range: 


P, U Package .. 
G Package .. 


Storage 
Temperature 
Range: 
P, U Package 
G Package 
Junction 
Temperature: 


P, U Package..... 
. 
+125·C 
G Package 
. 
+15O"C 


Lead Temperature 
(soldering, 
10s) 
+3OO·C 
Output 
Short 
Circuit to Common 
Continuous 


jg 
±15 
;; 
~ ±10 


±16 


~ 
±12 


<Df 
±8 
>;; 
g. 
6 


±4 


±O 


0 
200 
400 
600 
800 
1k 


Load Resistance (0) 
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TYPICAL PERFORMANCE CURVES (CO NT) 


~ 
10 


>~ 
"" 
Cl 
Iii 
0_10 


2 
3 


Time (min) 


~ 
5 


E 
~ 
4 
() 


~ 
3 


=>f 
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;( 
.3 2.50 
i 
_ 
2.45 


() 


~ 
2.40 
:; 
~ 
2.35 


M 
0.•.. 
<CZ 


25-- 
ena: 
w 
u:: 
::::ia. 
:5 
<Cz0 


~~Zw 
:5 
~a:I- 
enZ 


10 


"'"- 
'" 


6 


E 
i= 


.~ 
4 
E 
'" 
CIl 


1/ 
/ 
7 
- 


1k 


l¥ 
100 
~ 


i= 
fS 
ill 
10 
'0z 


-- 
I 


G=1 


I 


~ 
1 


G = 10 


..,....... 


G 
100 -lil 
G=500'G- 
1000 
~ 


V 


/ 
1--- 


70 


60 


50 


40 


30 
![ 20 


<= 
10 
.,. 
CJ 
0 
-10 
-20 
~O 
-40 


-50 


10 


II 
I 


G - 1000 
III 


G -100 
~:--. 


III 
G = 10 
III 


G=1 


CMR vs FREQUENCY 


140 


CD 
120 
:;, 


<= 
100 
0 
~ 
'is 
80 
II: 
'"" 
0 
60 
~ 
0 
40 
E 
E 
0 
() 
20 


0 


10 
100 
lk 
10k 
100k 
1M 


Frequency (Hz) 
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" 
"" 
",,"' 
••• 
.- 
_" 
•• 
"'" 
••• 
""'",.,,_ 
"''''.-. 
Y 
••• 
.,;lO \,",VI'\II 
J 


At TA 
'" +25°C, Vs = ±15V unless otherwise noted. 


~z 


~ 
0.010 


II- 


0.1 


0.01 
~z 
+ 
0II- 


0.001 


140 


120 
iD 
:!l. 
" 
100 
~ 
80 
·m 
a: 
>0- 


60 
a.g. 


rJl 
40 
:;; 
~ 
a.. 
20 


G .10 
G = 10 
-10 


G~1 
.... 


r-- 
I'-, ,, 


10 
100 
1k 
10k 
100k 
1M 


Frequency (Hz) • 
CJ) 


THO + N YSLEVEL 
a: 
W 
u:: 
::::i 
0.1 
a. 


c 
:E 
z 
<C 
+ 
0I 
0.010 
Z 
I- 


G-1 
0 


0.001 
~ 
0.0005 
~ 


4;0 
--45 
-30 
-15 
0 
15 
Z 
Output Amplitude (dBu) 
W 
:E 
~a:I- 


CCIF IMD YSAMPLITUDE 
CJ) 


5 
Z 


~ 
0.1 
G = 1000 


0~ 
G = 100 


"- 
0.010 


<3 
G= 
1 
0 


0.001 
G= 10 


0.0001 
4;0 
~O 
--40 
-30 
-20 
-10 
10 
20 


Output Amplitude (dBu) 
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100 
1k 


Frequency (Hz) 


140 


120 
iD 
:!l. 
" 
100 
.51 
<; 
'" 
80 
·m 
a: 
>0- 
60 
a.g. 


rJl 
40 
:;;;: 
0 
a.. 
20 


= 1 
1 


C = 10 
, , 
I 


C = 1 
, 
...., 
r--- , 
,I, 


G = 1 
VOUT 
- 20Vp-p 


f -1kHz 


I 


-- 


I 


600 


RlOAO (0) 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CO NT) 


~ 
0.1 


0~ 
"- 
0.010 
0 
() 


0.001 


5 


C 
0 
0.1 
~ 
UJ•... 
0.. 
::;; 
(/) 
0.010 


G - 1000 


G-1 


100 


G -10 


G = 1 


1 


F==G=100 


I 


f---- G 
110 
f----G 
~ 1 


G -10 
0.001 
0.0005 


2k 


Figure I shows the basic connections 
required for operation. 
Power 
supplies 
should 
be bypassed 
with 
IJ.IF tantalum 
capacitors 
near the device pins. The output Sense (pin II) 
and output 
Reference 
(pin 7) should 
be low impedance 
connections. 
Resistance 
of a few ohms in series with these 
connections 
will degrade the c6mmon-mode 
rejection of the 
amplifier. 
To avoid oscillations, 
make short, direct connection 
to the 
gain set resistor and gain sense connections. 
Avoid running 
output signals near these sensitive input nodes. 


INPUT CONSIDERATIONS 
Certain source impedances 
can cause the INAI03 
to oscil- 
late. This depends 
on circuit 
layout 
and source 
or cable 
characteristics 
connected 
to the input. 
An input network 
consisting 
of a small inductor 
and resistor 
(Figure 2) can 
greatly reduce the tendancy 
to oscillate. 
This is especially 


l 
0~ 
0.1 


UJ•... 
0.. 
::;; 
(/) 
0.010 


0.001 
0.0005 


-60 
-50 
-40 
-30 
-20 
-10 
0 


Output Amplitude (dBu) 


100 


~<.e-~ 
.~ 
" 
10 
0 
:ll 
·0z 
"~ 
() 


1 


1 
10 
100 
1k 
10k 


Frequency (Hz) 


useful if various input sources are connected to the INAI03. 
Although 
not shown in other figures, 
this network 
can be 
used, if needed, with all applications 
shown. 


GAIN SELECTION 
Gains of I or lOOVN can be set without external resistors. 
For G = IVN 
(unity gain) leave pin 14 open (no connec- 
tion)-see 
Figure 4. For G = IOOVN, connect pin 14 to pin 
6-see 
Figure 5. 


Gain can also be accurately set with a single external resistor 
as shown in Figure I. The two internal feedback resistors are 
laser-trimmed 
to 3kQ within 
approximately 
fO.1 %. The 
temperature 
coefficient 
of these resistors 
is approximately 
5OppmrC. 
Gain using an external RG resistor is- 


G=I+6kO 
RG 
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8 
--=- 


~ 
GAIN 
GAIN (dB) 
RG (0) 
--=- 
1 
0 
Note 1 
v- 
3.16 
10 
2774 
10 
20 
667 
NOTES: (1) No RG required for G • 1. 
31.6 
30 
196 


See gain-set 
connections 
in Figure 4. 
100 
40 
60.6"' 


(2) RG for G • 
100 is internal. 
See 
316 
50 
19 


gain-set 
connection 
in Figure 
5. 
1000 
60 
6 


Accuracy and TCR of the external Ro will also contribute to 
gain error and temperature 
drift. These effects can be di- 
rectly inferred from the gain equation. 


Connections 
available on A, and A, allow external resistors 
to be substituted 
for the internal 3ill 
feedback resistors. A 
precision resistor network can be used for very accurate and 
stable gains. To preserve the low noise of the INA I03, the 
value of external 
feedback 
resistors 
should 
be kept low. 
Increasing 
the feedback 
resistors 
to 20kn 
would increase 
noise of the INAI03 
to approximately 
1.5nV/--IHZ. Due to 
the current-feedback 
input circuitry, bandwidth 
would also 
be reduced. 


NOISE PERFORMANCE 


The 
INAlO3 
provides 
very low noise 
with 
low source 
impedance. 
Its InV/--IHZ voltage noise delivers 
near theo- 
retical noise performance 
with a source impedance of 200n. 


Relatively 
high input stage current is used to achieve this 
low noise. This results in relatively high input bias current 
and input current 
noise. As a result, the INAlO3 
may not 
provide 
best noise 
performance 
with source 
impedances 
greater than IDill. For source impedance greater than 10kn, 
consider 
the INAl14 
(excellent 
for precise 
DC applica- 
tions), or the INAIII 
FET-input 
IA for high speed applica- 
tions. 


OFFSET 
ADJUSTMENT 


Offset voltage of the INAlO3 
has two components: 
input 
stage offset voltage is produced 
by A, and A,; and, output 
stage offset is produced 
by A,. Both input and output stage 
offset are laser trimmed 
and may not need adjustment 
in 
many applications. 
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FIGURE 2. Input Stabilization 
Network. 


Offset 
voltage 
can be trimmed 
with the optional 
CirCuit. 


shown in Figure 3. This offset trim circuit primarily adjusts 
the output stage offset, but also has a small effect on input 
stage offset. For a 1mV adjustment of the output voltage, the 
input stage offset is adjusted approximately 
IIlV. Use this 
adjustment 
to null the INAlO3's 
offset voltage 
with zero 
differential 
input voltage. Do not use this adjustment 
to null 
offset produced 
by a sensor, or offset produced 
by subse- 
quent stages, since this will increase temperature 
drift. 


To offset the output voltage without affecting drift, use the 
circuit shown in Figure 4. The voltage applied to pin 7 is 
summed 
at the output. The op amp connected 
as a buffer 
provides a low impedance 
at pin 7 to assure good common- 
mode rejection. 


Figure 
5 shows 
a method 
to trim offset 
voltage 
in AC- 
coupled applications. 
A nearly constant and equal input bias 
current of approximately 
2.51lA flows into both input termi- 
nals. A variable input trim voltage is created by adjusting the 
balance 
of the two input bias return 
resistances 
through 
which the input bias currents must flow. 


ua,,,, vUllage [U zero. A2, K, ana L. rorm an mtegrator 
that 
produces 
an offsetting 
voltage applied to one input of the 
INAI03. 
This produces 
a --6dB/octave 
low frequency 
roll- 
off like the capacitor 
input coupling in Figure 5. 


COMMON-MODE 
INPUT RANGE 


For proper operation, 
the combined differential 
input signal 


and common-mode 
input voltage must not cause the input 


amplifiers 
to exceed their output 
swing limits. The linear 
input 
range 
is shown 
in the typical 
performance 
curve 


"Maximum 
Common-Mode 
Voltage 
vs Output 
Voltage." 


For a given total gain, the input common-mode 
range can be 
increased by reducing the input stage gain and increasing the 
output stage gain with the circuit shown in Figure 7. 


o--j 


-In 


An output sense terminal 
allows greater gain accuracy 
in 


driving the load. By connecting 
the sense connection 
at the 


load, 
loR voltage 
loss to the load is included 
inside 
the 


feedback loop. 
Current drive can be increased 
by connect- 


ing a current booster inside the feedback 
loop as shown in 
Figure 
11. 


o-j 


-In 


o-j 


+In 


501ill(1) 
NOTE: (1) 50kQ 
R. 1001ill pol is 
max recommended 
value. Use 


smaller 
values 
in this ratio if possible. 
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Output Stage Gain = 


(R, II 12k) + R, + R, 


(R,1I12k) 


OUTPUT STAGE 
R1 and R3 
R, 


GAIN 
(kfl) 
(q 


2 
1k 
2.4k 
5 
1.2k 
632n 
10 
1.2k 
273n 
RF > 10kQ can increase 
noise and reduce bandwidth--see 
text. 


NOTE: AD625 equivalent pinout. 


A common 
problem 
with many Ie op amps 
and instrumentation 
amplifiers 
is shown 
in (a). Here, 
the amplifier's 
input is driven 
beyond 
its linear common-mode 


range, forcing the output of the amplifier 
into the supply rails. The output then "folds back~, Le., a more positive input voltage now causes 
the output 01 the amplifier 


to go negative. 
The 
lNA103 
has protection 
circuitry to prevent 
fold-back, 
and as shown 
in (b), limits cleanly. 
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Phantom 
1 


Power 2400 


47kO 


-:- 


-:- 
47~F/63V 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, and all use 01such Information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·8ROWN 
does not authorize or warrant 
any BURA·BROWN 
product for use in life support devices and/or systems. 
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Precision Unity Gain 
DIFFERENTIAL AMPLIFIER 


• 
CMR 86dB min OVER TEMPERATURE 


• 
GAIN ERROR: 
0.01% max 


• 
NONLINEARITY: 
0.001% 
max 


• 
NO EXTERNAL 
ADJUSTMENTS 
REQUIRED 


• 
EASY TO USE 


• 
COMPLETE 
SOLUTION 


• 
HIGHLY 
VERSATILE 


• 
LOW COST 
• 
PLASTIC 
DIP, TO-99 
HERMETIC 
METAL, 
AND SO-8 SOIC PACKAGES 


The INAI05 
is a monolithic 
Gain = I differential 
amplifier consisting of a precision op amp and on-chip 
metal film resistors. 
The resistors 
are laser trimmed 
for accurate 
gain and high common-mode 
rejection. 
Excellent 
TCR 
tracking 
of the resistors 
maintains 
gain 
accuracy 
and 
common-mode 
rejection 
over 
temperature. 


The differential 
amplifier 
is the foundation 
of many 
commonly 
used circuits. 
The INAlO5 
provides 
this 
precision 
circuit function without using an expensive 
precision resistor network. The INAI05 is available in 
8-pin plastic 
DIP, 
50-8 
surface-mount 
and TO-99 
metal packages. 


• 
DIFFERENTIAL 
AMPLIFIER 


• 
INSTRUMENTATION 
AMPLIFIER 
BUILDING 
BLOCK 


• 
UNITY-GAIN 
INVERTING 
AMPLIFIER 


• 
GAIN-OF-1/2 
AMPLIFIER 


• 
NONINVERTING 
GAIN-OF-2 
AMPLIFIER 


• 
AVERAGE 
VALUE AMPLIFIER 


• 
ABSOLUTE 
VALUE 
AMPLIFIER 


• 
SUMMING 
AMPLIFIER 


• 
SYNCHRONOUS 
DEMODULATOR 


• 
CURRENT 
RECEIVER 
WITH COMPLIANCE 
TO RAILS 


• 
4mA TO 20mA TRANSMITIER 


• 
VOLTAGE-CONTROLLED 
CURRENT 
SOURCE 


• 
ALL-PASS 
FILTERS 


Output 


4 
v- 


BURR-BROWNe 
IElElI 


~L~~IHI~AL 


At +25°C. Vec = ±15V unless otherwise noted. 


INA105AM 
INA105BM 
INA105KP, 
KU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GAIN 
Initial(1) 
1 
VN 


Error 
0.005 
0.01 
0.01 
0.025 
% 
vs Temperature 
1 
5 
ppm/"C 


Nonlinearity(2) 
0.0002 
0.001 
% 


OUTPUT 
Rated Voltage 
10= +20mA, -5mA 
10 
12 
V 


Rated Current 
Va = 10V 
+20, -5 
mA 
Impedance 
0.01 
n 
Current Limit 
To Common 
+401-10 
mA 
Capacitive 
Load 
Stable Operation 
1000 
pF 


INPUT 
Impedance(3j 
Differential 
50 
kn 


Common-Mode 
50 
kn 


Voltage 
Range(4) 
Differential 
±10 
V 


Common-Mode 
±20 
V 


Common·Mode 
Rejection(5) 
TA". 
TMINto 
TMAX 
BO 
90 
B6 
100 
72 
dB 


OFFSET VOLTAGE 
RTOI').171 


Initial 
50 
250 
500 
~V 


vs Temperature 
5 
20 
5 
10 
~V/"C 
vs Supply 
±Vs = 6V to lBV 
1 
25 
15 
~VN 
vs Time 
20 
~V1mo 


OUTPUT NOISE VOLTAGE 
RTO(·)·18) 


fa = 0.01 Hz to 10Hz 
2.4 
~Vp-p 
fa = 10kHz 
60 
nV/*IZ 


DYNAMIC 
RESPONSE 
Small Signal Bandwidth 
-adB 
1 
MHz 


Full Power Bandwidth 
Va = 20Vp-p 
30 
50 
kHz 
Slew Rate 
2 
3 
V/~s 


Settling 
Time: 
0.1 % 
Va = 10V Step 
4 
~s 
0.01% 
Va = 10V Step 
5 
~s 


0.01% 
VCM = 10V Step, V01FF = OV 
1.5 
~s 


POWER SUPPLY 
Rated 
±15 
V 


Vo"age 
Range 
Derated Perlormance 
±5 
±lB 
V 


Quiescent Current 
Va 
E OV 
±1.5 
±2 
mA 


TEMPERATURE 
RANGE 
Specification 
-40 
+B5 
·C 
Operation 
~5 
+125 
-40 
+85 
·C 


Storage 
~5 
+150 
-40 
+125 
·C 


• Specification 
same as for INA 105AM. 


NOTES: (1) Connected as difference amplifier (see Figure 4). (2) Nonlinearity is the maximum peak deviation from the best-fit straight line as a percent of full-scale peak- 
to-peak output. (3) 25kn resistors are ratio matched but have ±20% absolute value. (4) Maximum input voltage without protection is 1OV more than either ±15V supply 
(±25V). Limit IINto 1mA. (5) With zero source impedance (see WMaintaining CMR" section). (6) Referred to output in unity-gain difference configuration. 
Note that this 
circuit has a gain of 2 for the operational amplifier's offset voltage and noise voltage. (7) Includes effects of amplifier's input bias and offset currents. (8) Includes effects 
of amplifier's 
input current noise and thermal noise contribution of resistor network. 


Supply.. 
. 
±18V 
Input Voltage Range 
. 
±Vs 


Operating Temperature 
Range: M 
-55°C to +125°C 
P, U 
-40·C 
to +B5·C 
Storage Temperature 
Range: M 
~5·C 
to +150·C 
P, U 
-40·C 
to +125·C 
Lead Temperature 
(soldering, 
10s) M, P 
+300·C 
Wave Soldering (3s, max) U 
+260°C 
Output Short Circuit to Common 
. 
Continuous 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(l) 


INA105AM 
TO-99 Metal 
001 
INA105BM 
TQ-99 Metal 
001 
INA105KP 
B-Pin Plastic DIP 
006 
INA105KU 
B-Pin SOIC 
182 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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MODEL 
PACKAGE 
TEMPERATURE 


INA105AM 
TO-99 Metal 
-40°C 
to +85°C 
INA105BM 
TO-99 Metal 
-40°C 
to +85°C 
INA105KP 
8-Pin Plastic DIP 
-40°C 
to +85°C 
INA105KU 
8-Pin SOIC 
-40°C 
to +85°C 
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PAD 
FUNCTION 


1 
Reference 
2 
-In 
3 
+In 
4 
v- 
5 
Sense 
6 
Output 
7A 
V+ (Connect Both) 
7B 
V+ (Connect Both) 
8 
(OpAmp 
+In) 
9 
(OpAmp-ln) 


MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
83x63±5 
2.11 x1.60±0.13 
Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10xO.10 


Backinq 
Gold 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES 


4 
8 
12 


Time (~s) 


+50 
~ 
'"N~ 


Oi-50 


5 


Time (~s) 


17.5 


15 


12.5 


~ 
10 
5 
0 
7.5 
> 


5 


2.5 


, 


Vs: 
±18V 


I 


Vs = ±15V 


I 


Vs 
±12V 


I 


I 


Vs ='±5V 


I 


-17.5 


-15 


-12.5 


~ 
-10 
5 
0 
-7.5 
> 


-5 


-2.5 


:> 
+50 
.si~ 


=> 


~ 
-50 


5 


TIme (~s) 


Vs = ±18V 


Vs 
±15V 
I 


Vs - ±12V 


I 
T 


Vs = ±5V 
- 


I 


CMR vs FREQUENCY 
110 


8M 
100 


CD 
90 
AM, KP, U 
~ 
II:::; 
<:> 
80 


70 


60 


10 
100 
lk 
10k 
lOOk 


Frequency (Hz) 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 


140 


120 


CD 
100 
~ 
a:a: 
(f) 
80 
0- 


60 


40 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


Figure I shows the basic connections 
required for operation 
of the INAlO5. 
Power supply bypass capacitors 
should be 
connected 
close to the device pins. 


The differential 
input signal is connected 
to pins 2 and 3 as 
shown. The source impedances 
connected to the inputs must 
be nearly equal to assure good common-mode 
rejection. 
A 
5Q mismatch 
in source impedance 
will degrade 
the com- 
mon-mode 
rejection 
of a typical 
device to approximately 
80dB. If the source has a known mismatch in source imped- 
ance, an additional 
resistor in series with one input can be 
used to preserve good common-mode 
rejection. 


The output is referred to the output reference 
terminal (pin 
I) which is normally grounded. A voltage applied to the Ref 
terminal will be summed with the output signal. This can be 
used to null offset voltage as shown in Figure 2. The source 
impedance 
of a signal applied to the Ref terminal should be 
less than 10Q to maintain good common-mode 
rejection. 


Do not interchange 
pins I and 3 or pins 2 and 5, even though 
nominal resistor values are equal. These resistors 
are laser 
trimmed for precise resistor ratios to achieve accurate gain 
and highest CMR. Interchanging 
these pins would not pro- 
vide specified performance. 
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36 


30 


~ 
24 
" 
g> 
'" 
18 
a: 
5a. 
.f; 
12 


v- 
v+ 


l~F 
l~F 


~ 
4 
~-:- 
INA105 


R, 
R, 
v, 
25kn 


- 


VO;:,V3-V3 
Offset Adjustment 
Range 
• ±300~V 


R, 
R, 


V, 


Vo 
6 


1Oil 
R, 
Va 


Output 
V, 


7" 


For low source impedance 
applications, 
an input stage using OPA27 op 
amps will give the best low noise, offset, and temperature drift performance. 
At source impedances 
above about 10kn, 
the bias current 
noise of the 
OPA27 reacting with the input impedance 
begins to dominate 
the noise 


performance. 
For these applications, 
using the OPA111 or dual OPA2111 
FET input op amp will provide lower noise performance. 
For lower cost use 
the OPA121 plastic. To construct an electrometer 
use the OPA128. 


R, 
R, 
GAIN 
CMRR 
MAX 
NOISE AT 1kHz 
A"A, 
(il) 
(il) 
(VN) 
(dB) 
I. 
(nVNHZj 


OPA27A 
50.5 
2.5k 
100 
128 
40nA 
4 
OPAll1B 
202 
10k 
100 
110 
lpA 
10 
OPA128LM 
202 
10k 
100 
118 
75fA 
38 


Vo;:' V3-V2 
Gain Error;:. 0.005% 
CMR.l00dB 
Nonlinearity 
;:.0.0002% 


2 


teOil 
1% 


V- 


teOil 
1% 


3 


I'N 
Oto 20mA 
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VO=-V2 
Gain Error = 0.01% 
maximum 
Nonlinearity 
= 0.001 % maximum 
Gain Drift = 2ppmPC 


BURR-BROWN~ 
11:11:11 
Burr-Brown Ie Data Book-Linear 
Products 


Vo:2'V, 
Gain Error:: 
0.01 % maximum 
Gain Drift: 2ppmrC 


V3 


±20V 


Vo 


: 1/2 V3 
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Noise (60Hz hum) 


/' -----7 
..... 


I 
\ 
I 
\ 


I 
\ 
I 
\ 


Transducer 
or 
I 
\ 
I 
\ 


Analog Signal 
I 
\ 
I 
\ 
I 
I 
I 
I 


j 
\ 
I 
I 
I 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 


I 
I 
I 
I 


\ 
I 
I 
I 
I 
I 
I 
I 


\ 
I 
I 
I 


\ 
I 
\ 
I 


\ 
I 
\ 
I 


\ 
I 
\ 
I 


\ 
I 
\ 
I 


- _ •... / 


Noise (60Hz hum) 
'" 
Shield 


Offset 
Adjust 
6 
7 


INA10S 


S 


INA10S 


6 
2 


V, 


V, 


V3 


VO=V3+V4-Vl-V2 
V, 
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INA105 


V, 


2 
5 


2 
5 


3 
V, 
Vo, 


V, 


10= (V, - V,) (1/25k + l/R) 
For R " 200n, 
Figure 24 will 
provide 
superior 
pertormance. 


V, 


FIGURE 
19. Precision 
Voltage-to-Current 
Converter 
with 
INA105 
Differential 
Inputs. 


5 


INA105 
6 
vo, 


V, 
5 


3 


6 


FIGURE 20. Differential Input Voltage-to-Current 
Converter 
for Low loUT' 


FIGURE 23. Isolating Current Source with Buffering Ampli- 
fier for Greater Accuracy. 
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Window 
Center 
±10V 


LowerUmit 
10 
HI 
4115 
9 
V,N 
Window 
GO 


2 
Comparator 


Upper Limit 
LO 


8 
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Conventional 
_ 
Instrumentation 
----..._.~ 
INA105 
~ 
Amplifier (e.g., INA101or INA102) 
A = 2 


AE 100 


4t020mA 
I 


Out 
+ 
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BURR - BROWN® 
IElElI 


Precision Gain = 10 
DIFFERENTIAL AMPLIFIER 


• 
ACCURATE 
GAIN: ±O.025% max 


• 
HIGH COMMON-MODE 
REJECTION: 
86dB min 


• 
NONLINEARITY: 
0.001% 
max 


• 
EASY TO USE 


• 
PLASTIC 
8-PIN DIP, SO-8 SOIC 
PACKAGES 


The INA106 
is a monolithic 
Gain = 10 differential 
amplifier consisting 
of a precision op amp and on-chip 
metal film resistors. 
The resistors 
are laser trimmed 
for accurate 
gain and high common-mode 
rejection. 
Excellent 
TCR 
tracking 
of the resistors 
maintains 
gain 
accuracy 
and 
common-mode 
rejection 
over 
temperature. 


The differential 
amplifier 
is the foundation 
of many 
commonly 
used circuits. 
The INAl06 
provides 
this 
precision 
circuit function without using an expensive 
resistor 
network. 
The INAlO6 
is available 
in 8-pin 
plastic DIP and 50-8 
surface-mount 
packages. 


• 
G = 10 DIFFERENTIAL 
AMPLIFIER 


• 
G = +10 AMPLIFIER 


• 
G = -10 AMPLIFIER 


• 
G = +11 AMPLIFIER 


• 
INSTRUMENTATION 
AMPLIFIER 


t/)a: 
wu: 
:::i 
a.. 
:E 
c:r::z0 


Sense 


~ 


v+ 
~Z 


6 
Output 
W 
:E 


4 
V- 
;:)a: 


Reference 
l- 
t/) 
Z 
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SPECIFICATIONS 


ELECTRICAL 


INA106KP, 
U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


GAIN 
Initial(1) 
10 
VN 


Error 
0.01 
0.025 
% 
vs Temperature 
-4 
ppml°C 


Nonlinearity(2) 
0.0002 
0.001 
% 


OUTPUT 
Related Voltage 
10 = +20mA, -5mA 
10 
12 
V 


Rated Current 
Vo= 
10V 
+20, -5 
mA 
Impedance 
0.01 
Q 


Current Limit 
To Common 
+401-10 
mA 
Capacitive 
Load 
Stable Operation 
1000 
pF 


INPUT 
Impedance 
Differential 
10 
kQ 


Common·Mode 
110 
kQ 
Voltage Range 
Differential 
±1 
V 
Common-Mode 
±11 
V 
Common-Mode 
Aejection(3) 
T.•.= TMIN to TMAX 
86 
100 
dB 


OFFSET VOLTAGE 
RTII') 


Initial 
50 
200 
l1V 


vs Temperature 
0.2 
l1VrC 
vs Supply 
±Vs = 6V to 18V 
1 
10 
l1VN 


vs Time 
10 
l1V/mo 


NOISE VOLTAGE 
RT1(5) 


fs = 0.01 Hz to 10Hz 
1 
l1Vp-p 


fo= 
10kHz 
30 
nV/.JHZ 


DYNAMIC 
RESPONSE 


Small Signal 
-adB 
5 
MHz 
Full Power BW 
Vo= 
20Vp-p 
30 
50 
kHz 
Slew Rate 
2 
3 
V/l1s 
Settling Time: 0.1% 
Vo = 10V Step 
5 
l1s 


0.01% 
Vo = 10V Step 
10 
l1S 


0.01% 
VCM = 10V Step, V01FF = OV 
5 
l1s 


POWER SUPPLY 
Rated 
5 
V 


Voltage Range 
Derated Performance 
±5 
±18 
V 
Quiescent Current 
Vo=OV 
±1.5 
±2 
mA 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
°c 


Operation 
-40 
+85 
°C 


Storage 
-65 
+150 
°c 


NOTES: (1) Connected as difference amplifier (see Figure 1). (2) Nonlinearity is the maximum peak deviation from the best-fit straight line as a percent of full-scale peak- 
to-peak output. 
(3) With zero source impedance (see "Maintaining 
CMR" section). (4) Includes effects of amplifiers's input bias and offset currents. (5) Includes effect 
of amplifier's 
input current noise and thermal noise contribution of resistor network. 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integral circuit can be damaged 
by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 


may be more 
susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 


published 
specifications. 


NOTE: (1) Pin 1 indentifier for 80-8 
package. 


Model number identification 
may be abbreviated 
on SO-8 package due to limited available space. 


BURR 
- BROWN. 
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11:11:11 


Power Supply Voltage 
±18V 
Input Voltage Range 
±Vs 


Operating Temperature 
Range: P, U 
-40·C 
to +8S·C 
Storage Temperature 
Range 
-40°C 
to +85°C 


Lead Temperature 
(soldering, 
105): P 
+300·C 
Wave Soldering (35, max) U 
+260°C 
Output Short Circuit to Common 
Continuous 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


INA106KP 
8-Pin Plastic DIP 
006 
INA106U 
50-8 
Surtace Mount 
182 


PAD 
FUNCTION 


1 
Reference 
2 
-In 


3 
+In 


4 
V- 
5 
Sense 


6 
Output 


7A,7B 
V+ (Connect Both) 


8 
(Op Amp +In) 


9 
(Op Amp-In) 


MILS (0.001 ") 
MILLIMETERS 


Die Size 
83x63±S 
2.11 x 1.60±0.13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.l0 


Backino: 
Gold 


PACKAGE 


8-Pin Plastic DIP 


80·8 
Surlace Mount 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change 
without 
notice. 
No patent 
rights or licenses 
to any of the cirCUIts described 
herein 
are implied or granted 
to any third party. 
BURR-BROWN 
does 
not 
authorize 
or warrant 
any BURR-BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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TYPICAL PERFORMANCE CURVES 


SMALL SIGNAL RESPONSE 
TOTAL HARMONIC 
DISTORTION 
AND NOISE 


(RLOAO= -, CLOAO• 100pF) 
vs FREQUENCY 


50 
;;-.s 
l 
0.1 
.• 
'" 
Z 
~ 
0 
+ 
> 
0 
'5 
J: 
a. 
I- 


0.01 
<3 


-50 


30kHz low-pass filtered 
0.001 


2J!S1div 
lk 
10k 
lOOk 


Frequency (Hz) 


MAXIMUM VOUTvs lOUT 
MAXIMUM VOUTvs lOUT 
(Negative Swing) 
(Positive Swing) 


-17.5 


-15 


-12.5 
~ 
-10 
., 
0 
-7.5 
> 


-5 


-2.5 


Vs ~ ±18V 


VS-±15V 


Vs - ±12V 


Vs• 
±5V 
- 


I 


-4 
~ 
-8 


-lOUT (mA) 


17.5 


15 


12.5 
~ 
10 
J 
7.5 


2.5 


I 


Vs' 
±18V 


Vs' 
±15V 


Vs' 
±12V 


I 


I 


Vs = ±5V 


12 
18 
24 


lOUT(mA) 


BURR-BROWNe 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 
TYPICAL PERFORMANCE CURVES (CONT) 


CMR vs FREQUENCY 
110 


100 


CD 
90 
~ 
II: 
::;; 
() 
80 


70 


60 


10 
100 
lk 
10k 
100k 


Frequency (Hz) 


Figure 1 shows the basic connections 
required for operation 
of the INAI06. 
Power supply bypass capacitors 
should be 
connected 
close to the device pins as shown. 


v- 
v+ 


l~F 


~-:- 
-:- 
INA106 
R, 
R2 
10kn 
l00kn 
v2 
5 


R3 
6 
10kn 
v3 
+ Vwr 
: 10(V3-V2) 


The differential 
input signal is connected 
to pins 2 and 3 as 
shown. The source impedance 
connected to the inputs must 
be equal 
to assure 
good common-mode 
rejection. 
A 5i12 
mismatch 
in source impedance 
will degrade the commoll- 
mode rejection of a typical device to approximately 
86dB. If 
the source 
has a known 
source impedance 
mismatch, 
~m 
additional 
resistor in series with one input can be used to 
preserve good common-mode 
rejection. 


The 
output 
is referred 
to the output 
reference 
termin3.l 


(pin I) which is normally grounded. A voltage applied to the 
Ref terminal will be summed 
with the output signal. The 
source impedance 
of a signal applied 
to the Ref terminal 
should be less than IOn to maintain 
good common-mooe 
rejection. 


BURR - BROWNe 
IE:lE:lI 
Burr-Brown Ie Data Book-Linear 
Products 


i[ 100 


II: 
II:g: 
80 


100 
lk 


Frequency (Hz) 


Figure 2 shows a voltage applied to pin I to trim the offset 
voltage of the INAI06. 
The known lOOn source impedance 
of the trim circuit is compensated 
by the IOn 
resistor 
in 
series with pin 3 to maintain good CMR. 


V3 
I 
Compensates 
for 
some impedance 
at pin 1 , See text. 
+15V 


~,~ 


Referring to Figure I, the CMR depends upon the match of 
the internal RiR3 ratio to the R/R2 
ratio. A CMR of I06dB 
requires 
resistor 
matching 
of 0.005%. 
To maintain 
high 
CMR over temperature, 
the resistor TCR tracking 
must be 


better 
than 2ppmf'C. 
These 
accuracies 
are difficult 
and 
expensive 
to reliably achieve with discrete components. 


- 


Gain Error = 0.01 % maximum 
Nonlinearity:: 
0.001 % maximum 
Gain Drift = 2.ppmrC 


To make a high performance 
high gain instrumentation 
amplifier, the INA 106 
can be combined with state-of-the-art 
op amps. For low source impedance 
applications, OPA37s will give the best noise, offset. and temperature drift. At 
source impedances 
above about 10kn, the bias current noise of the OPA37 
reacting with input impedance degrades noise. For these applications, use an 
OPA111 
or a dual OPA2111 
FET input op amp for lower noise. For an 
electrometer 
grade lA, use the OPA128-see 
table below. 


Using the INA 106 for the difference amplifier also extends the input common~ 
mode range of the instrumentation 
amplifier to ±1OV. A conventionallA 
with 
a unity~gain difference amplifier has an input common-mode 
range limited to 
±5V for an output swing of ±1 OV.This is because a unity~gain difference amp 
needs ±5V at the input for 10V at the output, allowing only 5V additional for 
common~mode. 


R, 
R, 
GAIN 
CMRR 
NOISE AT 1kHz 
A,. A, 
(n) 
(k!l) 
(VN) 
(dB) 
I. (pA) 
(nVl~) 


OPA37A 
50.5 
2.5 
1000 
128 
40000 
4 
OPA111B 
202 
10 
1000 
110 
1 
10 
OPA128LM 
202 
10 
1000 
118 
0.075 
38 


Vo 


Vo= 
11V'N 


Gain Error = 
0.01% maximum 
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BURR - BROWN® 
113131 


Fast-Settl ing FET-Input 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW BIAS CURRENT: 
50pA max 


• 
FAST SETTLING: 
4~ 
to 0.01% 


• 
HIGH CMR: 106dB min; 90dB at 10kHz 


• 
INTERNAL 
GAINS: 
1, 10, 100, 200, 500 


• 
VERY LOW GAIN DRIFT: 
10 to 50ppmJOC 


• 
LOW OFFSET 
DRIFT: 2~VJOC 


• 
LOW COST 


• 
PINOUT 
SIMILAR 
TO AD524 AND AD624 


The 
INAllO 
is a versatile 
monolithic 
FET-input 
instrumentation 
amplifier. Its current-feedback 
circuit 
topology 
and 
laser 
trimmed 
input 
stage 
provide 
excellent 
dynamic 
performance 
and accuracy. 
The 
INAIIO 
settles in 4j.lS to 0.01 %, making it ideal for 
high 
speed 
or multiplexed-input 
data 
acquisition 
systems. 


Internal gain-set resistors are provided for gains of I, 
10, 100, 200, and 500VN. 
Inputs are protected 
for 
differential 
and common-mode 
voltages up to ±V cc. 


lts very high input 
impedance 
and low input bias 


current 
make 
the 
INAIIO 
ideal 
for 
applicatiors 
requiring 
input filters or input protection 
circuitry. 


The INAIIO is available in 16-pin plastic and ceramic 
DIPs, 
and 
in the 
SOL-16 
surface-mount 
package. 
Military, industrial and commercial 
temperature 
range 


grades are available. 


• 
MULTIPLEXED 
INPUT DATA 
ACQUISITION 
SYSTEM 


• 
FAST DIFFERENTIAL 
PULSE AMPLIFIER 


• 
HIGH SPEED 
GAIN BLOCK 


• 
AMPLIFICATION 
OF HIGH IMPEDANCE 
SOURCES 


1 


x,o 


X 100 


'" 
X 200 


X 500 


Output 


Offset 


Adjust 
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SPECIFICATIONS 


ELECTRICAL 


INAll0AG 
INAll0BG, 
SG 
INAll0KP, 
KU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GAIN 


G"21 J [40k/(R" ~ 50~)J 


Range of Gain 
1 
800 
VN 


Gain 
Equation(1) 
VN 


Gain Error, DC: G:: 1 
0.002 
0.04 
0.02 
% 


G: 
10 
0.01 
0.1 
0.005 
0.05 
% 


G: 
100 
0.02 
0.2 
0.01 
0.1 
% 


GK200 
0.04 
0.4 
0.02 
0.2 
% 


G:600 
0.1 
1 
0.05 
0.5 
% 


Gain Tamp. Coefficient: 
G = 1 
±3 
±20 
" 
±10 
pprnl"C 


G= 10 
±4 
±20 
±2 
±10 
pprnl"C 
G: 
100 
±6 
±40 
±3 
±20 
pprnl"C 


G=200 
±10 
±60 
±5 
±30 
pprnl"C 


G=500 
±25 
±100 
±10 
±SO 
pprnl"C 


Nonlinearity, 
DC: G = 1 
±0.001 
±C.Ol 
±0.0005 
±C.005 
%oIFS 
G: 
10 
±0.002 
±0.01 
±0.001 
±C.005 
%ofFS 
GK 100 
±0.004 
±0.02 
±0.002 
±C.01 
%oIFS 
G = 200 
±0.006 
±0.02 
±0.003 
±C.01 
%ofFS 
G: 
500 
±0.01 
±0.04 
±0.005 
±C.02 
%ofFS 


OUTPUT 
Vo~age, RL K 21<0 
Over Temperature 
±10 
±12.7 
V 
Current 
Over Temperature 
±5 
±25 
mA 
Short·Circuit 
Current 
±25 
mA 
Capacitive 
Load 
Stability 
5000 
pF 


INPUT OFFSET VOLTAGE!" 
Initial Offset: G, P 
±(100+ 
±(500+ 
±(50+ 
±(250 + 
" 
IlV 


l000/G) 
5000/G) 
600/G) 
3000/G) 


U 
±(200+ 
±(1000 + 
IlV 


2000/G) 
5000/G) 
vs Temperature 
±(2+ 
±(5+ 
±(1 + 
±(2+ 
Ilvrc 


20/G) 
100/G) 
10/G) 
50/G) 


vs Supply 
Vcc =±6V 
to ±18V 
±(4+ 
±(30+ 
±(2+ 
±(10+ 
IlVN 


60/G) 
300/G) 
30/G) 
180/G) 


BIAS CURRENT 
Initial Bias Current 
Each Input 
20 
100 
10 
50 
pA 


Initial Offset Current 
2 
50 
1 
25 
pA 
Impedance: Differential 
5x10"116 
nil pF 
Common-Mode 
2x10"111 
nil pF 


VOLTAGE 
RANGE 
V,N Diff. = OV(3) 


Range, Unear Response 
±10 
±12 
V 
CMR with 1kn Source Imbalance: 


G:l 
DC 
70 
90 
80 
100 
dB 
G: 
10 
DC 
87 
104 
96 
112 
dB 
G= 
100 
DC 
100 
110 
106 
116 
dB 
G:200 
DC 
100 
110 
106 
116 
dB 
G=500 
DC 
100 
110 
106 
116 
dB 


INPUT NOISE!" 
Voltage, '0 K 10kHz 
10 
nV/rHZ 


IB=0.1Hztol0Hz 
1 
IlVp-p 
Current, 10K 10kHz 
1.8 
fAlrHZ 


OUTPUT NOISE!" 
Voltage, 10: 10kHz 
65 
nVlrHZ 
IB 2 0.1Hz to 10Hz 
8 
IlVp-p 


DYNAMIC 
RESPONSE 


Small Signal: 
G = 1 
-3dB 
2.5 
MHz 


G: 
10 
2.5 
MHz 
G = 100 
470 
kHz 
G:200 
240 
kHz 
G=500 
100 
kHz 


Full Power 
VQUT=±10V. 
G:2tol00 
190 
270 
kHz 


Slew Rate 
G=2tol00 
12 
17 
VI)JS 


Settling TIme: 


O.l%,G: 
1 
Vo = 20V Step 
4 
)JS 


G: 
10 
2 
IlS 


G .100 
3 
IlS 
G: 
200 
5 
IlS 


G.500 
11 
IlS 


BURR 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 


At +25'C, 
±V"" 
15VDC, and f\: 2Kn, 
unless otherwise specified. 


INA110AG 
INA110BG, 
SG 
INA110KP, 
KU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
RESPONSE 
(CONT) 
Settling Time: 


O.01%,G= 
1 
Vo• 
20V Step 
5 
12.5 
ltS 
G= 10 
3 
7.5 
ltS 


G = 100 
4 
7.5 
llS 
G:200 
7 
12.5 
ltS 


G-500 
16 
25 
llS 


Recovery(5) 
50% Overdrive 
1 
llS 


POWER SUPPLY 
Rated Voltage 
±15 
V 
0 
Voltage Range 
±6 
±18 
V 


Quiescent Current 
Vo=OV 
±3 
±4.5 
mA 
,...,... 


TEMPERATURE 
RANGE 
ct 
Specification: 
A, B, K 
-25 
+85 
0 
+70 
'C 
Z 
S 
-55 
+125 
'C 


Operation 
-55 
+125 
-25 
+85 
OC 
Storage 
-55 
+150 
-40 
+85 
'C 


OJ, 
100 
'CIW 


• same as INA 11OAG. 
NOTES: (1) Gains other than 1. 10, 100.200. 
and SODcan be set by adding an external resistor, ~, 
between pin 3 and pins 11, 12 and 16. Gain accuracy is a function 
of RG and the internal resistors which have a ±20% tolerance with 20ppmrC 
drift. (2) Adjustable to zero. (3) For differential input voltage other than zero, see Typical 
Perlormance 
Curves. (4) 
VNOISE RTI = ..JVN2INPUT + (VNOUTPUT/Gain)2. 
(5) Time required for output to return from saturation to linear operation following the removal of 
an input overdrive voltage. 


Supply Vonage 
±18V 
Input Vonage Range .. 
. 
±V"" 


Operating Temperature 
Range: G 
-55°C 
to +125°C 
P, U 
-25'C 
to +85'C 
Storage Temperature 
Range: G 
-65°C 
to +150°C 
P, U 
. 
-40'C 
to +85'C 
Lead Temperature 
(soldering, 
1Os): G, P .. 
. 
+300'C 


(soldering, 3s): U. 
. 
+260'C 
Output Short Circuit Duration 
Continuous to Common 


RG 


Input Offset Adj. 


Input Offset Adj. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl') 


INA110AG 
16-Pin Ceramic DIP 
109 
INA110BG 
16-Pin Ceramic DIP 
109 
INA110SG 
16-Pin Ceramic DIP 
109 
INAll0KP 
16-Pin Plastic DIP 
180 
INA110KU 
SOL·16S0IC 
211 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


INA110AG 
16-Pin Ceramic DIP 
-25'C 
to +85OC 
INA110BG 
16·Pin Ceramic Dl P 
-25'C 
to +85'C 
INA110SG 
16-Pin Ceramic DIP 
-55'C 
to +125'C 
INA110KP 
16-Pin Plastic DIP 
O'C to +70'C 
INA110KU 
SOL-16 SOIC 
OOCto +70OC 


The information 
provided 
herein is believed to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omission~. 
BURR-BROWN 
assumes no responslOfltty for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change without 
notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not 
authorize 
or warrant any BURR· BROWN product for use in life support devices and/or systems. 
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At TA = +25°C, and ±Vcc = 15VDC, unless otherwise noted. 


INPUT VOLTAGE 
RANGE vs SUPPLY 


~ ±12 
g, 


'"a: 
" 
±9 
'"~ 
0> 
"~ 
±6 


±9 
±12 
±15 
±18 


Power Supply Voltage (V) 


OUTPUT SWING vs lOAD 
RESISTANCE 
±16 


±12 
~ 
"'"~ 
0 
±8 
>1 
6 
±4 


400 
800 
1.2k 
1.6k 
2M 


load 
Resistance (a) 


PAD 
FUNCTION 


1 
-In 
2 
+In 
3A,38 
RG (connect both) 


4 
Input Offset Adjust 
5 
Input Offset Adjust 
6 
Reference 
7 
-Vcc 


8 
+Vcc 


9 
Output 


10 
Output Sense 
11 
x500 
12 
x100 
13 
x10 
14 
Output Offset Adjust 
15 
Output Offset Adjust 
16 
x200 


Pads 3A and 38 must be connected. 
Substrate 
Bias: 
Internally connected 
to -Vcc 
power sup- 


ply. 
- 


MECHANICAL 
INFORMATION 


MilS 
(0.001 ") 
MilliMETERS 


Die Size 
139x89±5 
3.53 x 2.26 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.10 


Backina 
Gold 


~ 
±13 


"'"~ 
0 
±10 
>5~ 
0 
±7 


25 


<' 
20 
B 
1:' 
~ 
15 


0 


.~ 
10 
CD 
5c. 
.E 


0 


±6 
±9 
±12 
±15 
±18 


Power Supply Voltage (V) 
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TYPICAL PERFORMANCE CURVES (CONT) 


BIAS CURRENT vs TEMPERATURE 
GAIN vs FREQUENCY 
100nA 
lk 
G = 500 


10nA 
G = 200 


C 
100 
G= 100 
§ 
lpA 
~ 
() 
~ 
0 
'" 
c 
iii 
0•• 
" 
loopA 
Cl 
G = 10 
~ 
10 
0 


10pA 
.•.. 
.•.. 


lpA 
1 
G = 1 
<I: 


-55 
-25 
35 
65 
95 
125 
10 
100 
lk 
10k 
lOOk 
1M 
10M 
Z 


Temperature 
(0G) 
Frequency (Hz) - 
CMR vs FREQUENCY 
POWER SUPPLY REJECTION 
vs FREQUENCY 
en 


120 
120 
a: 
W 
CD 
100 
CD 
100 
u: 


:!e. 
:!e. 
c 
c 
:::i 


0 
0 
80 
~ 
80 
U 
'" 
a. 
0" 
0" 
a: 
a: 
60 
:E 
'" 
60 
>. 
" 
15. 
0 
go 
<I: 
~ 
40 
rJ) 
40 
0 
<;; 
Z 
E 
~ 
E 
0 
0 


0 
20 
Q. 
20 
() 


0 
0 
~ 
10 
100 
lk 
10k 
100k 
1M 
10 
100 
lk 
10k 
lOOk 
1M 
~ 
Frequency (Hz) 
Frequency (Hz) 
Z 
W 
:E 
~ 


LARGE SIGNAL TRANSIENT 
RESPONSE 
SMALL SIGNAL TRANSIENT 
RESPONSE 
a: 
(G= 100) 
(G= 
100) 
~enz 


10 
100 
~ 
~ 
'" 
'" 
0> 
~ 
jg 
0 
0 
0 
> 
> 


" 
~ 
0. 
;3 
;3 
-10 
-100 


0 
10 
20 
10 
20 
Time (~s) 
Time (~s) 
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15 
~., 
E;= 
10 
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100 


~ 


50 


~ 
20 
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C>~ 
10 
0> 
ill 
'0z 
5~ 


"- 


-............ 


....... 
1'--- 


100 


Frequency (Hz) 


50 
~., 
40 
~ 
0> 
~ 
30 
0 
~ 
20 


.=., 
g> 
10 
'""' 
0 


1000 


~ 
500 


>.s 
200 
., 


C> 
.!!I 
<5 
100 
> 
ill 
'0 
50 
z 
~ 
0 
20 


........ 


....... 


"'-........ 


100 


Frequency (Hz) 


COMMON-MODE 
VOLTAGE vs 
DIFFERENTIAL 
INPUT VOLTAGE 
12 


~., 


C>~ 
0>.," 
0 
::;; 
C: 
0 
E 
E 
00 


0 


0 
6 
12 


Differential 
Input Voltage x Gain (V) = Va 


....-- 
/ 
II 
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DISCUSSION OF 
PERFORMANCE 


A simplified 
diagram 
of the INAI 10 is shown on the first 
page. The design consists of the classical three operational 
amplifier configuration 
using current-feedback 
type op amps 
with precision 
FET buffers 
on the input. The result is an 
instrumentation 
amplifier 
with premium 
performance 
not 
normally 
found in integrated 
circuits. 


The input 
section 
(AI and A2) incorporates 
high perfor- 
mance, low bias current, and low drift amplifier 
circuitry. 
The amplifiers are connected in the noninverting 
configura- 
tion to provide high input impedance 
(lOI2Q). Laser-trim- 
ming is used to achieve low offset voltage. Input cascading 
assures low bias current and high CMR. Thin-film 
resistors 
on the integrated circuit provide excellent gain accuracy and 
temperature 
stability. 


The output section (A3) is connected 
in a unity-gain 
differ- 
ence amplifier configuration. 
Precision matching of the four 
lOill 
resistors, 
especially 
over 
temperature 
and 
time, 
assures high common-mode 
rejection. 


BASIC POWER SUPPLY 
AND SIGNAL CONNECTIONS 


Figure I shows the proper connections 
for power supply and 


signal. 
Supplies 
should 
be decoupled 
with 
1!JF tantalum 
capacitors 
as close to the amplifier 
as possible. 
To avoid 
gain and CMR errors 
introduced 
by the external 
circuit, 


connect grounds as indicated, being sure to minimize ground 
resistance. 
Resistance 
in series with the reference 
(pin 6) 
will degrade CMR. To maintain stability, avoid capacitance 
from the output to the gain set, offset adjust, and input pins. 


OFFSET ADJUSTMENT 


Figure 2 shows the offset adjustment circuit for the INAI 10. 
Both the offset of the input stage and output stage can be 
adjusted 
separately. 
Notice that the offset referred 
to the 


BURR· BROWN. 
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INAI lO's input (RT!) is the offset of the input stage plus 
the offset of the output 
stage divided 
by the gain of the 
input stage. This allows specification 
of offset independent 
of gain. 


Input 
Offset 
Adjust 


Output 
Offset 
Adjust 


FIGURE 2. Offset Adjustment 
Circuit. 
_ 


For systems using computer autozeroing 
techniques, 
neither 
offset nor offset drift are of concern. In many other applica- 
tions, 
the factory-trimmed 
offset 
gives 
excellent 
results. 


When greater accuracy is desired, one adjustment 
is usually 
sufficient. In high gains (> I(0) adjust only the input offset, 
and in low gains the output offset. For higher precision in all 
gains, both can be adjusted by first selecting high gain and 
adjusting input offset and then low gain and adjusting output 
offset. The offset adjustment 
will, however, add to the drift 
by approximately 
0.33J,lVI"C per 
lOOJ,lV of input 
offset 
voltage 
that is adjusted. 
Therefore, 
care should 
be taken 


when considering 
use of adjustment. 


Output offsetting can be accomplished 
as shown in Figure 3 


by applying 
a voltage 
to the reference 
(pin 6) through 
a 


buffer. 
This limits the resistance 
in series with pin 6 to 


minimize CMR error. Be certain to keep this resistance low. 
Note that the offset error can be adjusted 
at this reference 
point with no appreciable 
degradation 
in offset drift. 


Your 
- 
VOfFSETTING + .1.V1N G. 


With ±Vcc: 
15V. R,: 
100kn. 
R2 = 1MQ. 


R3", 
10kO, 
VOFFSETTING 
= ±150mV. 


Gain selection is accomplished 
by connecting 
the appropri- 


ate pins together 
on the INAllO. 
Table I shows possible 
gains from the internal 
resistors. 
Keep the connections 
as 
short as possible 
to maintain accuracy. 


GAIN 
GAIN 
ACCURACY (%) 
DRIFT (ppmf'C) 


Gains other than 1, 10, 100, 200, and 500 can be set by 
adding an external resistor, Ro, between pin 3 and pins 12, 
16, and 
11. Gain accuracy 
is a function 
of Ro and the 
internal 
resistors 
which 
have 
a ±200/0 
tolerance 
with 
2Oppml°C drift. The equation 
for choosing 
RG is shown 
below. 
R = 
40k 
-son 


G 
G-l 


Gain can also be changed 
in the output 
stage by adding 
resistance 
to the feedback 
loop shown in Figure 4. This is 
useful 
for increasing 
the total gain or reducing 
the input 
stage gain to prevent saturation 
of input amplifiers. 


The output 
gain can be changed 
as shown 
in Table 
II. 
Matching ofRI and R3 is required to maintain high CMR. R2 
sets the gain with no effect on CMR. 


OUTPUT STAGE GAIN 
R, ANDR, 
R2 


2 
1.2kn 
2.74kn 
5 
1kn 
511U 
10 
1.5kn 
340U 


It is important 
not to exceed the input amplifiers' 
dynamic 
range (see Typical 
Performance 
Curves). 
The differential 
input signal and its associated common-mode 
voltage should 
not cause the output 
of AI and A2 (input amplifiers) 
to 
exceed approximately 
±IOV with ±15V supplies or nonlin- 
ear operation 
will result. 
Such large common-mode 
volt- 


ages, when the INAIIO 
is in high gain, can cause saturation 
of the input stage even though the differential 
input is very 
small. This can be avoided by reducing the input stage gain 
and increasing the output stage gain with an H pad attenuator 
(see Figure 4). 


OUTPUT 
SENSE 


An output sense has been provided to allow greater accuracy 
in connecting 
the load. By attaching 
this feedback 
point to 
the load at the load site, IR drops due to load currents that 


rlup~i 
vVJUlt"""UVlll~ 
;)HVWU 
Hi 
J.'i5UH:;; 
i. 
,., 11..•..11 .lllVl\..- 
..•..Uil 
..•..Ul- 


is to be supplied, a power booster can be placed within the 
feedback 
loop 
as shown 
in Figure 
5. Buffer 
errors 
are 
minimized 
by the loop gain of the output amplifier. 


Output Stage Gain 


(R211 20kU) + R, + R, 


R211 20kn 


FIGURE 4. Gain Adjustment 
of Output Stage Using H Pad 
Attenuator. 


LOW BIAS CURRENT 
OF FET INPUT ELIMINATES 
DC ERRORS 


Because 
the INAIIO 
has FET inputs, bias currents 
drawn 
through input source resistors have a negligible effect on DC 
accuracy. The picoamp levels produce no more than micro- 
volts through 
megohm 
sources. 
Thus, 
input filtering 
and 
input series protection 
are readily achievable. 


A return path for the input bias currents 
must always 
be 
provided 
to prevent 
charging 
of stray capacitance. 
Other- 
wise, the output can wander and saturate. A IMn 
to 10Mn 
resistor 
from 
the input 
to common 
will 
return 
floating 
sources 
such 
as 
transformers, 
thermocouples, 
and 
AC-coupled 
inputs (see Applications 
section). 


DYNAMIC 
PERFORMANCE 


The INAllO 
is a fast-settling 
FET input instrumentation 
amplifier. 
Therefore, 
careful 
attention 
to minimize 
stray 
capacitance 
is necessary 
to achieve specified performance. 


High source resistance will interact with input capacitance 
to 
reduce the overall bandwidth. 
Also, to maintain 
stability, 
avoid capacitance 
from the output 
to the gain set, offset 
adjust, and input pins. 


Applications 
with balanced-source 
impedance 
will provide 
the best performance. 
In some 
applications, 
mismatched 
source impedances 
may be required. If the impedance 
in the 


negative 
input 
exceeds 
that 
in the positive 
input, 
stray 
capacitance 
from the output will create a net negative feed- 
back and improve the circuit stability. 
If the impedance 
in 
the positive 
input 
is greater, 
the feedback 
due to stray 
capacitance 
will be positive and instability 
may result. The 
degree of positive feedback depends upon source impedance 
imbalance, operating gain, and board layout. The addition of 
a small bypass capacitor of 5pF to 50pF directly between the 
inputs of the IA will generally 
eliminate 
any positive feed- 
back. CMR errors due to the input impedance mismatch will 
also be reduced by the capacitor. 


The INAIIO 
is designed 
for fast settling 
with easy gain 
selection. It has especially 
excellent settling in high gain. It 
can also be used in fast-settling 
unity-gain 
applications. 
As 
with all such amplifiers, the INAllO 
does exhibit significant 
gain 
peaking 
when 
set to a gain 
of 
1. It is, however, 


unconditionally 
stable. The gain peaking can be cancelled 
by band-limiting 
the negative input to 400kHz with a simple 
external RC circuit for applications 
requiring 
flat response. 


CMR is not affected by the addition of the 400kHz RC in a 
gain of 1. 


Another 
distinct advantage 
of the INAllO 
is the high fre- 
quency 
CMR 
response. 
High frequency 
noise 
and sharp 
common-mode 
transients 
will be rejected. To preserve AC 
CMR, be sure to minimize 
stray capacitance 
on the input 
lines. 
Matching 
the RCs 
in the two inputs 
will help 
to 
maintain high AC CMR. 


In addition to general purpose uses, the INAIIO 
is designed 
to accurately handle two important 
and demanding 
applica- 
tions: 
(I) 
inputs 
with 
high 
source 
impedances 
such 
as 
capacitance/crystallphotodetector 
sensors 
and 
low-pass 
filters 
and series-input 
protection 
devices, 
and (2) rapid- 
scanning 
data 
acquisition 
systems 
requiring 
fast settling 
time. Because the user has access to the output sense, current 
sources can also be constructed 
using a minimum of external 
components. 
Figures 6 through 19 show application circuits. 
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FET input allows low-pass 
filtering with minimal effect on DC accuracy. 


NOTE: 
(1) Larger resistors and a smaller 
capacitor 
can be used. 


1{ 
In 1 
In 2 
lIli 
X10 


VOUT 
'(J 
Ill••.~ 
fn 
15 
8 
In 16 


-15V 


-=- 


FIGURE 
10. AC-Coupled 
Differential 
Amplifier 
for 
Frequencies 
Greater Than 0.016Hz. 


FIGURE 12. Rapid-Scanning-Rate 
Data Acquisition Channel 
with 5J.lS Settling to 0.01%. 


FlGURE 11. Programmable-Gain 
Instrumentation 
Amplifier 
(precision Noninverting or Inverting Bufferwith 
Gain). 
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+1SV 


R, 
0, 
V, 


-1SV 
0, X200 


t1V1N 
+1SV 
R, 
°3 
V, 


0. 


-1SV 


For lower voltage. 
lower resistor noise: 


R, : R,: 
20kn, 0,- 0.: FOH300 (1nA leakage) 


For higher 
voltage, 
higher 
resistor 
noise: 


R, = R, = 100kn, 0,- 0.: 2N4117A (1pA leakage) 


Matching 
of Res 
on inputs will affect CMR, 
but 
can be optimized 
by trimming 
R1 or R2. 


Common-mode range 
IZ ±1000V. 


CMR 
is dependent 
on ratio matching 
of external 
input resistors. 


FIGURE 
15. High Common-Mode 
Voltage Differential 
Amplifier. 


X10 
X100 


!'N'N X200 
XSOO 
Ro 


-1SV 
+1SV 


+1SV 


X10 


t1V1N 
Vovr 
~ 


-1SV 


CODE 
GAIN 
TYPICAL 
0.01 % SETTLING TIME 
X10 
X100 


00 
10 
61's 
PGA Gain 
01 
100 
61's 
Select 
10 
1000 
121's 


lovr: 
(aV'N) (G) (1110k + HR) 
"7 
ForOmA to 20mA output, R = SO.2Sfl with (aV'N) (G): 
1V 


FIGURE 
17. Differential 
Input 
FET 
Buffered 
Current 
Source. 
FIGURE 
18. 
Differential 
Input/Differential 
Output 
Amplifier. 
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BURR 
- BROWN® 


IElElI 


High Speed FET-Input 
INSTRUMENTATION 
AMPLIFIER 


• 
FET INPUT: IB = 20pA max 


• 
HIGH SPEED: Ts = 41JS (G = 100, 0.01%) 


• 
LOW OFFSET VOLTAGE: 
500~J.Vmax 


• 
LOW OFFSET VOLTAGE 
DRIFT: 
5JlVf'C max 


• 
HIGH COMMON-MODE 
REJECTION: 
106dB min 


• 
a-PIN PLASTIC 
DIP, SOL-16 SOIC 


• 
MEDICAL 
INSTRUMENTATION 


• 
DATA ACQUISITION 


The INAlll 
is a high speed, PET-input 
instrumenta- 
tion amplifier 
offering excellent 
performance. 


The INAIII 
uses a current-feedback 
topology provid- 
ing extended 
bandwidth 
(2MHz at G = 10) and fast 
settling 
time (4J.lSto 0.01 % at G = 100). A single 
external resistor sets any gain from I to over 1000. 


Offset voltage and drift are laser trimmed for excellent 
DC accuracy. The INAIII's 
PET inputs reduce input 


bias current to under 20pA, simplifying 
input filtering 
and limiting circuitry. 


The INAIII 
is available 
in 8-pin plastic 
DIP, and 


SOL-16 
surface-mount 
packages, 
specified 
for the 


-40°C 
to +85°C temperature 
range. 


V+ 


7 
(13) 


INAlll 


2 
V,N 
(4) 
Feedback 


(12) 


1 
DIPConnected 


(2) 


Internally 


6 
Va 
Ra 
(11) 
8 
G=1+5Ok!l 
(15) 
An 


5 


+ 
Ref 
3 
(10) 
V,N 
(5) 


4 
(7) 
Dlp-.-/ 
'-(SOIC) 


V- 
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SPECIFICATIONS 


INAlllBP, 
BU 
INAlllAP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, RTI 


Initial 
TA= 
+25°C 
±100 ± 500/G 
±500 ± 2000/G 
±200±500/G 
±1000 ±5000/G 
~V 


vs Temperature 
TA"" 
TM1NIO TMA)( 
±2± 
10/G 
±5 ± 100/G 
±2±20/G 
±10± 
l00/G 
~vrc 
vs Power Supply 
Vs:±6Vto±18V 
2+10/G 
30 + 100/G 
~VN 
Impedance, 
Differential 
10'2116 
nil 
pF 
Common-Mode 
10'2113 
nil 
pF 
Input Common·Mode 
Range 
V01FF= 
OV 
±10 
±12 
V 
Common-Mode 
Rejection 
YOM' ±10V, 
6Rs·lkn 


G = 1 
80 
90 
75 
dB 
,.... 


G.l0 
96 
110 
90 
dB 
,.... 


G = 100 
106 
115 
100 
dB 
,.... 


G.1000 
106 
115 
100 
dB 
« 
BIAS CURRENT 
±2 
±20 
pA 
Z 


pA 
- 
OFFSET CURRENT 
±0.1 
±10 


NOISE VOLTAGE, 
RTI 
G .1000, 
Rs' 
on 
nV/.JHz 
, 
I. 
100Hz 
13 
I = 1kHz 
10 
nV/.JHz 


I. 
10kHz 
10 
nV/.JHz 


1•• 
0.1Hzto 
10Hz 
1 
~Vp-p 
en 
Noise Current 
t • 10kHz 
0.8 
fANHz 
a: 


GAIN 
W 


Gain Equation 
1 + (50k!l/Rol 
VN 
i:L 
Range 
01 Gain 
1 
10000 
VN 
::i 
Gain Error 
G: 
1, RL: 
10kn 
±0.01 
±0.02 
0.05 
% 


G. 
10, RL = 10kn 
±0.1 
±0.5 
% 
a. 


G = 100, RL = 10kn 
±0.15 
±0.5 
±0.7 
% 
:= 
G = 1000, RL: 
10kn 
±0.25 
±1 
±2 
% 
« 
Gain vs Temperature 
G .1 
±1 
±10 
ppmrc 


50kn 
Resistance(1) 
±25 
±100 
ppmrc 
Z 


Nonlinearity 
G = 1 
±0.0005 
±0.005 
% of FSR 
0 
G = 10 
±0.001 
±0.005 
±0.01 
% of FSR 


~ 


G: 
100 
±0.001 
±0.005 
±0.01 
% of FSR 
G.l000 
±0.005 
±0.02 
±0.04 
% of FSR 


OUTPUT 
~ 


Vo~age 
10 = SmA, 
T MIN to T MAX 
±11 
±12.7 
V 
Z 


Load Capacitance 
Stability 
1000 
pF 
W 


Short Circuit 
Current 
+30/-25 
mA 
:= 
FREQUENCY 
RESPONSE 
::::) 
Bandwidth, 
-3dB 
G .1 
2 
MHz 
a: 
G: 
10 
2 
MHz 
G.l00 
450 
kHz 
I- 


G: 
1000 
50 
kHz 
en 


Slew Rate 
Va: 
±10V, G = 2 to 100 
17 
V/~ 
Z 
Settling 
Time, 
0.01 % 
G .1 
2 
~ 
- 
G.l0 
2 
~s 


G = 100 
4 
~s 


G.1000 
30 
~s 


Overload 
Recovery 
50% 
Overdrive 
1 
~s 


POWER SUPPLY 
Voltage Range 
±6 
±15 
±18 
V 
Current 
V,. = OV 
±3.3 
±4.5 
mA 


TEMPERATURE 
RANGE 


Specification 
-40 
85 
°c 
Operating 
Plastic P, U 
-40 
125 
°C 


°JA 
Plastic P, U 
100 
°CIW 


The information 
providtiJd hQrgin is boliovod 
to bo roliablo; 
howover, 
BUnA-BAOWN 
assumes 
no responsibility 
for Inaccuracies 
or omiSSIons. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such infoiTlation 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits describ€<f herein are implied or granted to any third party. BURR· BROWN does not authorize 
or warrant 


any BURR-BROWN 
prodUct for use in life support devices 
and/or sys1ems. 
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PIN CONFIGURATIONS 


Top View 


RG 
1 


V-'N 
2 


V+1N 
3 


V- 
4 


Top View 


NC 
1 
0 


RG 


NC 


V-'N 


V+1N 


NC 


NC 


Supply Voltage. 
. 
±18V 
Input Voltage Range 
(V-) ...(J.7Vto (V+) +15V 
Output Short-Circuit 
(to ground) 
Continuous 
Operating Temperature 
-40°C 
to +125°C 
Storage Temperature.... 
. 
-40°C 
to +125°C 


Junction 
Temperature 
+150°C 
Lead Temperature (soldering, 105) 
+300°C 


PAD 
FUNCTION 
PAD 
FUNCTION 


1A,1B 
RG 
6 
Vo 
2 
V-IN 
7 
Feedback 


3 
V+1N 
8 
V+ 
4 
V- 
9A,9B 
RG 
5 
Ref 


Pads 1A and 1B must be connected. 
Pads SA and 98 must 
be connected. 


NC = No Connection. 
Substrate 
Bias: 
Internally connected 
to V- power supply. 


MilS 
(0.001") 
MilliMETERS 


Die Size 
129x90±5 
3.28 x 2.29 ±0.1 3 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10 x 0.10 


Backing 
Gold 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


INA111AP 
8·Pin Plastic DIP 
-40°C 
to +85°C 


INA111BP 
B-Pin Plastic DIP 
-40°C 
to +85°C 


INA111AU 
SOL -16 Surface-Mount 
-40°C 
to +85°C 


INA111BU 
SOL -16 Surface-Mount 
-40°C 
to +85°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


INA111AP 
B-Pin Plastic DIP 
006 


INA111BP 
8-Pin Plastic DIP 
006 


INA111AU 
16-Pin Suriace 
Mount 
211 


INA111BU 
16-Pin Surface 
Mount 
211 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TYPICAL PERFORMANCE CURVES 
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10 
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Gain (VN) 
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INPUT BIAS CURRENT 
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For Immediate Assistance, Contact YourLocal Salesperson 


APPLICATION INFORMATION 


Figure 1 shows the basic connections 
required for operation 
of the INAll1. 
Applications 
with noisy or high impedance 
power supplies may require decoupling 
capacitors 
close to 
the device pins as shown. 


The output is referred to the output reference (Ref) terminal 
which is normally grounded. This must be a low-impedance 
connection 
to assure good common-mode 
rejection. A resis- 
tance of 20 in series with the Ref pin will cause a typical 
device with 90dB CMR to degrade to approximately 
80dB 
CMR (G = 1). 


SETTING 
THE GAIN 


Gain of the INAlll 
is set by connecting 
a single external 
resistor, Ro: 


Commonly 
used 
gains 
and resistor 
values 
are shown 
in 
Figure 1. 


DESIRED 
R. 
NEAREST 
1% R. 


GAIN 
(il) 
(ill 


1 
No Connection 
No Connection 


2 
50.00k 
49.9k 


5 
12.50k 
12.4k 
10 
5.556k 
5.62k 
20 
2.632k 
2.61k 
50 
1.02k 
1.02k 
100 
505.1 
511 


200 
251.3 
249 
500 
100.2 
100 
1000 
50.05 
49.9 
2000 
25.01 
24.9 
5000 
10.00 
10 
10000 
5.001 
4.99 


The 50kQ term in equation 
I comes from the sum of the two 
internal 
feedback 
resistors. 
These 
are on-chip 
metal film 
resistors 
which are laser trimmed to accurate absolute 
val- 
ues. 
The 
accuracy 
and temperature 
coefficient 
of these 
resistors are included in the gain accuracy and drift specifi- 
cations of the INAll1. 


The 
stability 
and temperature 
drift 
of the external 
gain 
setting resistor, 
Ro, also affects gain. Ro' s contribution 
to 
gain accuracy and drift can be directly inferred from the gain 
equation (I). Low resistor values required for high gain can 
make wiring resistance important. Sockets add to the wiring 
resistance, 
which will contribute 
additional 
gain error (pos- 
sibly an unstable gain error) in gains of approximately 
100 
or greater. 


DYNAMIC 
PERFORMANCE 


The typical performance 
curve "Gain vs Frequency" 
shows 
that the INAlll 
achieves wide bandwidth over a wide range 
of gain. This is due to the current-feedback 
topology of the 


INAll1. 
Settling 
time also remains 
excellent 
over wide 
gains. 


10kn 
Vo = G' 
(V,~ - ViNl 


G=1+50kn 


RG 
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The INAlll 
exhibits 
approximately 
6dB rise in gain at 
2MHz in unity gain. This is a result of its current-feedback 
topology and is not an indication of instability. Unlike an op 
amp with poor 
phase 
margin, 
the rise in response 
is a 
predictable 
+6dB/octave 
due to a response 
zero. A simple 
pole 
at 700kHz 
or lower 
will 
produce 
a flat passband 
response 
(see Input Filtering). 


The INAIII 
provides excellent rejection of high frequency 
common-mode 
signals. 
The 
typical 
performance 
curve, 


"Common-Mode 
Rejection 
vs Frequency" 
shows this be- 
havior. 
If the inputs are not properly 
balanced, 
however, 


common-mode 
signals can be converted 
to differential 
sig- 
nals. Run the vi';, and V~ connections 
directly adjacent each 
other, from the source signal all the way to the input pins. If 
possible use a ground plane under both input traces. Avoid 
running other potentially 
noisy lines near the inputs. 


NOISE AND ACCURACY 
PERFORMANCE 


The INAlll's 
PET input circuitry provides 
low input bias 
current and high speed. It achieves 
lower noise and higher 
accuracy with high impedance 
sources. With source imped- 
ances of2kQ 
to 50kQ the INAl14 
may provide lower offset 
voltage and drift. For very low source impedance 
(~lkO), 


the INA103 
may provide 
improved 
accuracy 
and lower 
noise. 


OFFSET 
TRIMMING 


The INAIII 
is laser trimmed 
for low offset voltage 
and 
drift. Most applications 
require 
no external 
offset adjust- 
ment. Figure 2 shows an optional 
circuit for trimming 
the 
output offset voltage. The voltage applied to Ref terminal is 
summed at the output. Low impedance 
must be maintained 
at this node to assure good common-mode 
rejection. The op 
amp shown maintains 
low output 
impedance 
at high fre- 
quency. Trim circuits with higher source impedance 
should 
be buffered 
with an op amp follower circuit to assure low 
impedance 
on the Ref pin. 
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INPUT BIAS CURRENT 
RETURN 
PATH 


The input impedance 
of the INAlll 
is extremely 
high- 
approximately 
10120. However, a path must be provided for 
the input bias current of both inputs. This input bias current 
is typically 
less than IOpA. High input impedance 
means 
that this input bias current changes very little with varying 
input voltage. 


Input circuitry must provide a path for this input bias current 
if the INAIII 
is to operate properly. Figure 3 shows various 
provisions 
for an input bias current 
path. Without 
a bias 
current return path, the inputs will float to a potential which 
exceeds 
the common-mode 
range of the INAlll 
and the 
input amplifiers 
will saturate. 


If the differential 
source resistance 
is low, the bias current 
return path can be connected 
to one input (see the thermo- 
couple example in Figure 3). With higher source impedance, 
using two resistors provides 
a balanced 
input with possible 
advantages 
of lower input offset voltage due to bias current 
and better high-frequency 
common-mode 
rejection. 


Crystal or 
Ceramic 
Transducer 


INPUT COMMON-MODE 
RANGE 


The linear common-mode 
range of the input op amps of the 
INAlll 
is approximately 
±12V 
(or 3V from the power 
supplies). 
As the output 
voltage 
increases, 
however, 
the 
linear input range will be limited by the output voltage swing 
of the input amplifiers, A I and A2. The common-mode 
range 
is related to the output voltage of the complete 
amplifier- 
see performance 
curve 
"Input 
Common-Mode 
Range 
vs 
Output Voltage". 


VU.llc1!5'"'•...a.U •...i1U;)C UlC VUlPUl Vl/'\.1 
ur /'\.2 lO salurale. 
rlgure 
4 shows the output voltage swing of AI and Az expressed in 
terms of a common-mode 
and differential 
input voltages. 
For applications 
where input common-mode 
range must be 
maximized, 
limit the output voltage swing by connecting the 
INAIII 
in a lower 
gain (see performance 
curve 
"Input 
Common-Mode 
Voltage 
Range 
vs Output 
Voltage"). 
If 
necessary, 
add gain after the INAIII 
to increase the voltage 
swing. 


Input-overload 
often produces an output voltage that appears 


normal. For example, consider an input voltage of +14V on 
one input and + 15V on the other input will obviously exceed 
the linear 
common-mode 
range of both input amplifiers. 


Since both input amplifiers 
are saturated 
to the nearly the 
same output voltage limit, the difference 
voltage measured 
by the output amplifier will be near zero. The output of the 
INAlll 
will 
be near 
OV even 
though 
both 
inputs 
are 


overloaded. 


INPUT PROTECTION 


Inputs of the INA 111 are protected for input voltages from 
O.7V below the negative supply to l5V above the positive 
power supply voltages. If the input current is limited to less 
than 1mA, clamp diodes are not required; internal junctions 
will clamp the input voltage to safe levels. If the input source 
can supply more than lmA, 
use external clamp diodes as 
shown in Figure 5. The source current can be limited with 
series resistors R I and Rz as shown. Resistor values greater 
than IOkQ will contribute 
noise to the circuit. 


A diode formed 
with a 2N41l7A 
transistor 
as shown in 
Figure 5 assures low leakage. Common signal diodes such as 


mput OIaScurrent ot the lNA III 
and are usually sensitive to 


light. 


INPUT FILTERING 


The INAlll's 
PET input allows use of an RlC input filter 
without 
creating 
large 
offsets 
due to input 
bias current. 


Figure 6 shuws proper implementation 
of this input filter to 


preserve the INAlll's 
excellent 
high frequency 
common- 
mode rejection. 
Mismatch 
of the common-mode 
input ca- 
pacitance 
(CI and Cz), either 
from 
stray capacitance 
or 


0, 
O2 


ViN 
R, 


R2 


RG 
Vo 


Vi;" 


7" 


03 
0, 


~ 
2N41,7A 
Y 
1pA Leakage 
Diodes f 
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C3, 
reduces 
the bandwidth 
and mitigates 
the effects 
of 
mismatch 
in C1 and Cz. Make C3 much larger than Ct and 


Cz. If properly 
matched, Ct and Cz also improve CMR. 


OUTPUT VOLTAGE 
SENSE 
(SOL-16 
Package Only) 


The surface-mount 
version of the INAlll 
has a separate 


output sense feedback 
connection 
(pin 12). Pin 12 must be 


connected, 
usually to the output terminal, pin 11, for proper 
operation. 
(This connection 
is made internally 
on the DIP 


version of the INAlll.) 


The output feedback 
connection 
can be used to sense the 
output voltage directly at the load for best accuracy. Figure 8 
shows how to drive a load through 
series interconnection 
resistance. 
Remotely 
located 
feedback 
paths 
may 
cause 
instability. 
This can be generally be eliminated 
with a high 


frequency 
feedback 
path through Ct. 


R1 = R2 
c1 =c2 
G, -lOG, 
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Vl~ 
Load 
///'I~ 


Equal 
resistance 
here preserves 
Qood common-mode 
reiection. 


G, 
0-----1 


G, 
RG 
0-----1 


R, 
R, 


±6V to ±18V 


Isolated Power 


V+ 
V- 


FIGURE 
10. 
Galvanically 
Isolated 
Instrumentation 
Amplifier. 


~ 
/ 
i-3dB= ~C 
11 


= 1.59Hz 


NOTE: 
Driving the shield minimizes 
CMR 
degradation 
due to unequally 
distributed 
capacitance 
on the input 
line. The shield is driven at approximately 
1V below 
the common-mode 
input voltage. 


ForG = 100 
RG = 51 Hll/ 
2(22.1kn) 
effective RG :: 505n 
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Precision 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW OFFSET VOLTAGE: 
50J.!Vmax 


• 
LOW DRIFT: O.25J.!Vf'C max 


• 
LOW INPUT BIAS CURRENT: 
2nA max 


• 
HIGH COMMON-MODE 
REJECTION: 
115dB min 


• 
INPUT OVER-VOLTAGE 
PROTECTION: 
±40V 


• 
WIDE SUPPLY RANGE: ±2.25 to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
3mA max 


• 
8-PIN PLASTIC AND CERAMIC 
DIP, 


SOL-16 


The INAl14 
is a low cost, general purpose instrumen- 


tation amplifier offering excellent accuracy. Its versa- 
tile 3-op amp design and small size make it ideal for a 
wide range of applications. 


A single external resistor sets any gain from I to 10,000. 
Internal 
input protection 
can withstand 
up to ±40V 
without damage. 


The INA I 14 is laser trimmed for very low offset voltage 
(S0I-lV), drift (0.2SI-lV/°C) and high common-mode 
rejection (llSdB 
at G = 1000). It operates with power 
supplies 
as low as ±2.2SV, 
allowing 
use in battery 
operated and single SV supply systems. Quiescent cur- 
rent is 3mA maximum. 


The INA114 is available in 8-pin plastic and ceramic 
DIPs, and SOL-16 surface-mount 
packages, 
specified 
for the -40°C to +8SoC temperature 
range. 
• 
BRIDGE AMPLIFIER 


• 
THERMOCOUPLE 
AMPLIFIER 


• 
RTD SENSOR 
AMPLIFIER 


• 
MEDICAL 
INSTRUMENTATION 


• 
DATA ACQUISITION 


BURR - BROWN~ 
II3EU 


ELECTRICAL 


At TA = +25°C, Vs = ±15V, RL = 2kn unless otherwise noted. 


INA114BP, 
BG, BU 
INA114AP, 
AG, AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, RTI 


Initial 
T.= 
+25°C 
±10+20/G 
±50 + 100/G 
±25 + 30/G 
±125 +500/G 
~V 
vs Temperature 
TA=TMINtoTMAX 
±0.1 + 0.5/G 
±0.25 + 5/G 
±0.25 + 5/G 
±1 + 10/G 
~VioC 
vs Power Supply 
Vs = ±2.25V to ±1 8V 
0.5 + 2JG 
3 + 10/G 
~VN 


Long-Term Stability 
±0.2 + O.S/G 
~V/mo 
Impedance, 
Differential 
10'0116 
nil 
pF 
Common-Mode 
10'0116 
nllpF 
Input Common-Mode 
Range 
±11 
±13.S 
V 
Safe Input Voltage 
±40 
V 
Common-Mode 
Rejection 
VCM = ±10V, ~Rs= 1kn 
G = 1 
80 
96 
75 
90 
dB 
G = 10 
96 
115 
90 
106 
dB 
G= 
100 
110 
120 
106 
110 
dB 
G = 1000 
115 
120 
106 
110 
dB 


BIAS CURRENT 
±O.S 
±2 
±S 
nA 
vs Temperature 
±8 
pArC 


OFFSET CURRENT 
±0.5 
±2 
±5 
nA 


vs Temperature 
±8 
pArC 


NOISE VOLTAGE, 
RTI 
G = 1000, Rs-on 
nV/'I'HZ 
I = 10Hz 
15 
I = 100Hz 
11 
nV/'I'HZ 
I = 1kHz 
11 
nV/'I'HZ 
IB= O.lHz to 10Hz 
0.4 
~Vp-p 
Noise Current 
1=10Hz 
0.4 
pAl'I'HZ 
l=lkHz 
0.2 
pAlv'Hz 
IB= O.lHz to 10Hz 
18 
pAp-p 


GAIN 
Gain Equation 
1 + (SOknlRG) 
VN 


Range of Gain 
1 
10000 
VN 


Gain Error 
G = 1 
±O.Ol 
±O.OS 
% 


G = 10 
±O.02 
±O.4 
±O.S 
% 


G= 100 
±O.05 
±O.5 
±0.7 
% 


G = 1000 
±O.S 
±1 
±2 
% 


Gain vs Temperature 
G=l 
±2 
±10 
±10 
ppmrc 


50kn Resistance(l) 
±25 
±100 
ppmrc 


Nonlinearity 
G=l 
±O.OOOl 
±0.001 
±0.002 
%01 FSR 
G = 10 
±O.OOOS 
±0.002 
±0.004 
%of 
FSR 
G = 100 
±O.0005 
±0.002 
±0.004 
%01 FSR 
G = 1000 
±0.002 
±0.01 
±0.02 
% of FSR 


OUTPUT 
Voltage 
10 = SmA, T MIN to T MAX 
±13.5 
±13.7 
V 
Vs=±ll.4V, 
Rl=2kn 
±10 
±10.S 
V 
Vs= ±2.25V, Rl = 2kn 
±1 
±l.S 
V 
Load Capacitance 
Stability 
1000 
pF 
Short Circuit Current 
+201-15 
mA 


FREQUENCY 
RESPONSE 
Bandwidth, -3dB 
G=l 
1 
MHz 


G= 10 
100 
kHz 
G = 100 
10 
kHz 


G = 1000 
1 
kHz 
Slew Rate 
Vo=±10V,G=10 
0.3 
0.6 
Vi~s 
Settling Time, 
0.01% 
G=l 
18 
~ 
G= 10 
20 
~ 
G = 100 
120 
~s 


G = 1000 
1100 
~s 


Overload Recovery 
50% Overdrive 
20 
~ 
POWER SUPPLY 
Voltage Range 
±2.2S 
±1S 
±18 
V 
Current 
V,N= OV 
±2.2 
±3 
mA 


TEMPERATURE 
RANGE 
Specification 
-40 
85 
°C 


Operating 
-40 
125 
°C 


OJ, 
80 
°CIW 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 


BURR-BROWN03 


Burr-Brown Ie Data Book-Linear 
Products 
IE:lE:lI 


B 
RG 


7 
V+ 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


INA114AP 
Plastic DIP 
-40°C 
to +B5°C 
INA114BP 
Plastic DIP 
-40°C 
to +85°C 


INA114AG 
Ceramic DIP 
-40°C 
to +85°C 
INA114BG 
Ceramic DIP 
-40°C 
to +B5°C 
INA114AU 
Surface-Mount 
-40°C 
to +B5°C 
INA114BU 
Surface-Mount 
-40°C 
to +B5°C 


PACKAGE 
DRAWtNG 
MODEL 
PACKAGE 
NUMBER") 


INA114AP 
a-Pin Plastic DIP 
006 


INA114BP 
B-Pin Plastic DIP 
006 
INA114AG 
a-Pin Ceramic 
DIP 
254 
INA114BG 
a-Pin Ceramic 
DIP 
254 
INA114AU 
SOL-16 Surtace-Mount 
211 


INA114BU 
SOL-16 Surtace-Mount 
211 
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This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


Supply Voltage 
±1BV 


Input Voltage Range.. 
.. 
±40V 
Output Short-Circuit 
(to ground) 
Continuous 
Operating Temperature. 
.. -40°C 
to +125°C 
Storage Temperature 
-40°C 
to +125°C 
Junction 
Temperature.. 
. 
+150°C 


Lead Temperature 
(soldering, 
10s) 
+300°C 


PAD 
FUNCTION 
PAD 
FUNCTION 


1A,1B 
Ro 
6 
Vo 


2 
V-IN 
7 
Feedback 


3 
V"-IN 
8 
V+ 
4 
V- 
9A,9B 
RD 


5 
Ref 


Pads 1A and 1B must be connected. 
Pads 9A and 9B must 


be connected. 


NC 
== No Connection. 


Substrate 
Bias: 
Internally connected to V- power supply. 


MILS {O.OOt"J 
MILLIMETERS 


Die Size 
141 x 120±5 
3.58 x 3.05 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.10 


Backing 
Gold 
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TYPICAL PERFORMANCE CURVES 


GAIN vs FREQUENCY 
140 


in 120 


1k 
~i100 
G: 
1k 
~ 
100 
"., 
80 
? 
a: 
G: 
100 
'" 
c 
"8 
80 
"iij 
Cl 
10 
:::; 
C- 
o 
40 
E 
E 
0 
() 
20 


lk 
10k 
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OUTPUT CURRENT 
LIMIT vs TEMPERATURE 
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APPLICATION INFORMATION 


Figure I shows the basic connections 
required for operation 
of the INA114. Applications 
with noisy or high impedance 
power supplies may require decoupling 
capacitors 
close to 
the device pins as shown. 


The output is referred to the output reference (Ref) terminal 
which is normally grounded. This must be a low-impedance 
connection to assure good common-mode 
rejection. A resis- 
tance of 50 in series with the Ref pin will cause a typical 
device to degrade to approximately 
80dB CMR (G = I). 


SETTING 
THE GAIN 


Gain of the INAI14 
is set by connecting 
a single external 
resistor, RG: 


Commonly 
used gains 
and resistor 
values 
are shown 
in 
Figure I. 


The 50kO term in equation 
(I) comes from the sum of the 
two internal feedback resistors. These are on-chip metal film 
resistors which are laser trimmed to accurate absolute val- 


DESIRED 
GAIN 


1 
2 
5 
10 
20 
50 
100 
200 
500 
1000 
2000 
5000 
10000 


No Connection 
50.00k 
12.50k 
5.556k 
2.632k 
1.02k 
505.1 
251.3 
100.2 
50.05 
25.01 
10.00 
5.001 


No Connection 
49.9k 
12.4k 


5.62k 
2.61k 
1.02k 
511 
249 
100 
49.9 
24.9 
10 
4.99 
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The INAI14 
provides very low noise in most applications. 


For differential source impedances less than lill, 
the INAI03 
may provide 
lower noise. For source 
impedances 
greater 
than 50ill, 
the INAlll 
FET-input 
instrumentation 
amPli-. 
fier may provide lower noise. 
' 


Low 
frequency 
noise 
of the 
INAI14 
is approximately 
O.4~Vp-p measured from 0.1 to 10Hz. This is approximately 
one-tenth the noise of "low noise" chopper-stabilized 
ampli- 
fiers. 


ues. 
The 
accuracy 
and 
temperature 
coefficient 
of these 
resistors are included in the gain accuracy and drift specifi- 
cations of the INA II 4. 


The 
stability 
and temperature 
drift 
of the external 
gain 
setting resistor, Ro, also affects gain. Ro's 
contribution 
to 
gain accuracy and drift can be directly inferred from the gain 
equation (I). Low resistor values required for high gain can 
make wiring resistance important. Sockets add to the wiring 
resistance which will contribute additional gain error (possi- 
bly an unstable gain error) in gains of approximately 
100 or 
greater. 


Vo • G • tv;;. - V,,,) 


G.1 
+ 501ill 
RG 


The INAI14 
is laser trimmed for very low offset voltage and 
drift. Most applications 
require 
no external 
offset 
adjust- 
ment. Figure 2 shows an optional circuit for trimming 
the 
output offset voltage. The voltage applied to Ref terminal is 
summed at the output. Low impedance 
must be maintained 
at this node to assure good common-mode 
rejection. This is 
achieved 
by buffering 
trim 
voltage 
with 
an op amp 
as 
shown. 


INPUT BIAS CURRENT 
RETURN 
PATH 


The input impedance 
of the INAI14 
is extremely 
high- 
approximately 
JOIOQ.However, a path must be provided for 
the input bias current of both inputs. This input bias current 
is typically less than ± InA (it can be either polarity due to 
cancellation 
circuitry). 
High input impedance 
means 
that 
this input bias current changes very little with varying input 
voltage. 


Input circuitry must provide a path for this input bias current 
if the INAI14 
is to operate properly. Figure 3 shows various 
provisions 
for an input bias current 
path. Without 
a bias 
current return path, the inputs will float to a potential which 
exceeds 
the common-mode 
range of the INAI14 
and the 
input amplifiers will saturate. If the differential 
source resis- 
tance is low, bias current return path can be connected to one 
input (see thermocouple 
example in Figure 3). With higher 
source impedance, 
using two resistors provides 
a balanced 
input with possible advantages 
of lower input offset voltage 
due to bias current and better common-mode 
rejection. 


INPUT COMMON-MODE 
RANGE 


The linear common-mode 
range of the input op amps of the 
INA1l4 
is approximately 
±13.75V 
(or 
1.25V 
from 
the 
power supplies). 
As the output voltage increases, 
however, 
the linear input range will be limited by the output voltage 
swing of the input amplifiers, 
Al and A2• The common- 
mode range is related to the output voltage of the complete 
amplifier-see 
perfornlance curve "Input Common-Mode 
Range vs Output Voltage." 


Microphone, 
Hydrophone 
etc. 


A combination 
of common-mode 
and 
differential 
input 
signals can cause the output of A I or A2 to saturate. Figure 
4 shows the output voltage swing of AI and A2 expressed in 
terms of a common-mode 
and differential 
input voltages. 


Output swing capability 
of these internal amplifiers 
is the 
same as the output 
amplifier, 
A3• For applications 
where 
input common-mode 
range must be maximized, 
limit the 
output voltage swing by connecting 
the INAI14 
in a lower 
gain (see performance 
curve "Input Common-Mode 
Voltage 
Range vs Output Voltage"). 
If necessary, 
add gain after the 
INA1l4 
to increase the voltage swing. 


Input-overload 
often produces an output voltage that appears 
normal. For example, an input voltage of +20V on one input 
and +40V on the other input will obviously exceed the linear 
common-mode 
range of both input amplifiers. 
Since both 
input 
amplifiers 
are saturated 
to nearly 
the same 
output 
voltage limit, the difference voltage measured by the output 
amplifier 
will be near zero. The output of the INAI14 
will 
be near OV even though both inputs are overloaded. 


INPUT PROTECTION 


The inputs 
of the INAI14 
are individually 
protected 
for 
voltages up to ±40V. For example, a condition 
of -40V 
on 
one input 
and +40V 
on the other 
input 
will 
not cause 
damage. Internal circuitry on each input provides low series 
impedance 
under 
normal 
signal 
conditions. 
To 
provide 
equivalent protection, series input resistors would contribute 
excessive 
noise. If the input is overloaded, 
the protection 
circuitry 
limits the input current 
to a safe value (approxi- 
mately 1.5mA). The typical performance 
curve "Input Bias 


Current vs Common-Mode 
Input Voltage" 
shows this input 
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voltage directly at the load for best accuracy. Figure 5 shows 
how to drive a load through 
series interconnection 
resis- 
tance. Remotely 
located feedback paths may cause instabil- 
ity. 
This 
can 
be 
generally 
be 
eliminated 
with 
a high 
frequency 
feedback 
path through C1• Heavy loads or long 
lines can be driven by connecting 
a buffer inside the feed- 
back path (Figure 6). 


OUTPUT VOLTAGE 
SENSE (SOL-16 
package only) 


The surface-mount 
version 
of the INA114 
has a separate 
output sense feedback connection 
(pin 12). Pin 12 must be 
connected 
to the output terminal (pin 11) for proper opera- 


tion. (This connection 
is made internally on the DIP version 
of the INAll4.) 


Surface-mount 
package 
I version 
only. 
Surface-mount 
package 
I version 
only. 


/!'N~ 


Equal resistance 
here preserves 


!=load common-mode 
reiection. 


ForG = 100 
RG = 511n 1/2(22.1kil) 
effective 
RG = 505Q 
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Equal line resistance 
here creates 


a small common·mode 
voltage 
which is rejected by INA114. 


RTD~1 
N-! 


2 
I'!\,; 


Rz 
3 
.:V"/-- 
_ 


Resistance 
in this line causes 
l 
a small common·mode 
voltage 
which is reiected by INA114. 


R, 
lOon 


ZeroAdj 


SEEBECK 
ISA 
COEFFICIENT 
R, 
R. 
TYPE 
MATERIAL 
(j.lvrC) 
(Ra = lOOn) 
(R, + R. = lOOn) 


E 
Chromel 
58.5 
3.48kfl 
56.2kfl 
Constantan 


J 
Iron 
50.2 
4.12kfl 
64.9kfl 
Constantan 


K 
Chromel 
39.4 
5.23kfl 
80.6kfl 
Alumel 


T 
Copper 
38.0 
5.49kfl 
84.5kfl 
Constantan 
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~ 
/ 
i-3dB= ~C 
I 
I 
: 1059Hz 


A, 
18 Error 


OPA177 
±105nA 


OPA602 
1pA 
OPA128 
75fA 
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Precision 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW OFFSET 
VOLTAGE: 
50llV 
max 


• 
LOW DRIFT: 
O.25IlVFC 
max 


• 
LOW INPUT 
BIAS CURRENT: 
2nA max 


• 
HIGH COMMON-MODE 
REJECTION: 
115dB 
min 


• 
INPUT OVER-VOLTAGE 
PROTECTION: 
±40V 


• 
WIDE SUPPLY 
RANGE: 
±2.25 TO ±18V 


• 
LOW QUIESCENT 
CURRENT: 
3mA 
max 


• 
SOL-16 
SURFACE-MOUNT 
PACKAGE 


• 
SWITCHED-GAIN 
AMPLIFIER 


• 
BRIDGE 
AMPLIFIER 


• 
THERMOCOUPLE 
AMPLIFIER 


• 
RTD SENSOR 
AMPLIFIER 


• 
MEDICAL 
INSTRUMENTATION 


• 
DATA ACQUISITION 


The INAl15 
is a low cost, general purpose instrumen- 
tation amplifier offering excellent accuracy. Its versa- 
tile three-op amp design and small size make it ideal 
for a wide range of applications. 
Similar to the model 
INAl14, 
the INAl15 
provides additional connections 
to the input op amps, AI and A" which improve gain 
accuracy 
in high 
gains 
and are useful 
in forming" 


switched-gain 
amplifiers. 


A single 
external 
resistor 
sets any gain from 
1 to 


10,000. Internal input protection 
can withstand 
up to 


±40V without damage. 


The INA115 
is laser 
trimmed 
for very low offset 
voltage (50IlV), drift (0.25IlVrC) 
and high common- 
mode rejection 
(l15dB 
at G=1000). 
It operates 
with 


power 
supplies 
as low as ±2.25V, 
allowing 
use in 
battery operated and single 5V supply systems. Quies- 
cent current is 3mA maximum. 


The INA 115 is available in the SOL-16 surface-mount 
package, 
specified 
for the --40°C to +85°C tempera- 
ture range. 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


At TA= 
+25°C, Vs= ±15V, 
Rl = 2kn 
unless otherwise 
noted. 


INAl15BU 
INAl15AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, RTI 
Initial 
TA= 
+25°C 
tl0+20/G 
t50 + 100/G 
t25 
+ 30/G 
t125 
+ 500/G 
~V 
vs Temperature 
TA= TM1N to TMAX 
to.l 
+ 0.5/G 
to.25 
+ 5/G 
to.25 
+ 5/G 
tl 
+ 10/G 
~V/·C 
vs Power Supply 
Vs=t2.25Vtot18V 
0.5 + 21G 
3+ 10/G 
~VN 


Long-Term Stability 
to.2 + 0.5/G 
~V/mo 


Impedance, 
Differential 
10" 
116 
nil pF 
Common-Mode 
10'0116 
nil pF 


Input Common-Mode 
Range 
tl1 
t13.5 
V 
Safe Input Voltage 
t40 
V 
Common-Mode 
Rejection 
VCM = tl0V, 
IIRs= 
11<0 
G= 1 
80 
96 
75 
90 
dB 
it) 
G = 10 
96 
115 
90 
106 
dB 
G= 100 
110 
120 
106 
110 
dB 
T"" 


G = 1000 
115 
120 
106 
110 
dB 
T"" 


BIAS CURRENT 
to.5 
±2 
t5 
nA 
« 


YS Temperature 
t8 
pArC 
Z 
OFFSET CURRENT 
to.5 
±2 
t5 
nA 
- 
vs Temperature 
t8 
pArC 


NOISE VOLTAGE, 
RTI 
G • 1000, Rs • on 


nV/,JHZ 
I = 10Hz 
15 
, 


I = 100Hz 
11 
nV/,JHZ 


f .1kHz 
11 
nV/,JHZ 


lB' 
O.lHz to 10Hz 
0.4 
~Vp-p 
en 
Noise Current 


, 
1=10Hz 
004 
pAl,JHZ 
a:: 
1=1kHz 
0.2 
pAl,JHZ 
W 
IB.0.1Hzto 
10Hz 
18 
pAp-p 


GAIN 
u:::: 


Gain Equation 
1 + (50k!llRG) 
VN 
:J 
Range of Gain 
1 
10000 
VN 


Gain Error 
G = 1 
to.Ol 
to.05 
% 
C. 


G.l0 
to.02 
tOo4 
to.5 
% 
:E 
G= 100 
to.05 
to.5 
to.7 
% 


G = 1000 
to.5 
tl 
±2 
% 
« 
Gain vs Temperature 
G.l 
±2 
tl0 
tl0 
ppml"C 


50kn 
Resistance(!) 
t25 
tl00 
ppml"C 
Z 
Nonlinearity 
G.l 
to.OOOl 
to.OOl 
to.OO2 
%ofFSR 
0 
G= 10 
to.0005 
to.002 
to.004 
%ofFSR 


G= 100 
to.0005 
to.002 
to.004 
%01 FSR 


~ 
G = 1000 
to.002 
to.Ot 
to.02 
%01 FSR 


OUTPUTI') 
Vo~age 
10 = SmA, T MINto T MAX 
t13.5 
t13.7 
V 
~ 
Vs' 
tl104V, 
RL = 2kn 
tl0 
tl0.5 
V 
Z 


Vs' 
t2.25V, 
RL = 2kn 
tl 
t1.5 
V 
W 
Load Capacitance 
Stability 
1000 
pF 
:E 
Short Circuit 
Current 
+20/-15 
mA 


FREQUENCY 
RESPONSE 
::::) 
Bandwidth, -3dB 
G = 1 
1 
MHz 
a:: 
G= 10 
100 
kHz 
G= 100 
10 
kHz 
I- 


G .1000 
1 
kHz 
en 


Slew Rate 
Va. 
tl0V, 
G = 10 
0.3 
0.6 
Vl)J,s 
Z 
Settling 
Time. 
0.01% 
G=1 
18 
~s 
- 
G.l0 
20 
~ 
G= 100 
120 
~s 


G = 1000 
1100 
~s 
Overload 
Recovery 
50% Overdrive 
20 
~s 


POWER SUPPLY 
Voltage Range 
±2.25 
t15 
t18 
V 
Current 
V1N= 
OV 
t2.2 
t3 
mA 


TEMPERATURE 
RANGE 


Specification 
-40 
+85 
·C 


Operating 
-40 
+125 
·C 
8J• 
80 
·CIW 


• Specification 
same as INA I 15BU. 


NOTE: 
(1) Temperature 
coefficient 
of the ~50kn" 
term in the gain equation. 
(2) Output 
specifications 
are for output 
amplifier, 
~. 
Al and ~ 
provide 
the same output 
voltage 
swing 
but have 
less output 
current 
drive. 
A, and A2 can drive 
external 
loads 
of 25kf.l: II 200pF. 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subiect 
to change 


wifhoul 
nollce. 
No palenl 
rights or rrcenses to any of the Circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR·BROWN 
product 
for use in life support 
devices 
andior 
systems. 
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A 
ELECTROSTATIC 


~ 
DISCHARGE SENSITIVITY 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


INA11SAU 
SOL-16 Surface-Mount 
211 
INA11SBU 
SOL-16 Surfac.-Mount 
211 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications. 


Supply Vonag. 
. 
±18Y 


Input Yoltag. 
Rang... 
. 
±40Y 
Output Short-Circuit 
(to ground) 
Centinuous 
Operating T.mperatur 
•.............................................. 
-4O"C to .12S·C 
Storage T.mperatur........ 
. 
-40·C 
to .12S·C 


Junction Temperature... 
. 
+150°C 


L.ad 
Temperature 
(soldering. 
10s) 
......................................• 
300·C 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


INA11SAU 
SOL-16 Surface-Mount 
-40·C 
to .85·C 
INA115BU 
SOL-16 Surface-Mount 
-4O"C to .8S·C 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
YOI 
8 
Ref 
2 
Gain Sens81 
9 
Yo 


3 
Ro 
10 
Feedback 
4 
V-IN 
11 
Y. 
5 
YOIN 
12 
Ro 


6 
Y- 
13 
Gain Sens82 


7 
YQ2 


MILS (0.001 ") 
MilliMETERS 


Die Size 
141 x 120 ±S 
3.S8 x 3.0S ±0.13 


Die Thickness 
20±3 
0.S1 ±0.08 


Min. Pad Size 
4x4 
0.10xO.10 


Backing 
. 
Gold 
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Q) 
E,g 


~ 
~ 
-5 
Eou 


-5 
0 
5 


Output Voltage (V) 


r- 
r- 
- 


~ii" 
G~!O~ 
~ 
= 
- 
f- 
S 
•.•..• 


f- 
- 
" 
I- 
G: 
10 
~ 
G = 1 - 
f- 
- 


f- 
- 
~ 


f- 
f- 
- 
- 
- 
'- 
'- 
- 
- 
- 


CD 120 
E 
g 
100 
~ 
"m 
80 
0: 
>. 


~ 
60 
rn 
, 
40 


20 


c: 
100 
~ 
G= 
1k 
." 
80 
0: 
G= 
100 


Q) 
"0 
0 
60 
~ 
0 
40 
E 
E0u 
20 


1 


100 


G = 1000 
." 
80 
0: 
>. 
C. 
60 
g. 
rn 
Ii; 
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APPLICATION 
INFORMATION 


Figure I shows the basic connections required for operation of 
the INA1l5. 
Applications 
,With noisy or high impedance 
power supplies may require decoupling capacitors close to the 
device pins as shown. 


The output is referred to the output reference (Ref) terminal 
which is normally grounded. This must be a low-impedance 
connection to assure good common-mode 
rejection. A resis- 


tance of 50 
in series with the Ref pin will cause a typical 
device to degrade to approximately 
80dB CMR (G=I). 


The INAl15 has a separate output sense feedback connection 
(pin 12). Pin 12 must be connected 
(normally to the output 
terminal, 
pin II) 
for proper 
operation. 
The output 
sense 


connection can be used to sense the output voltage directly at 
the load for best accuracy. 


SETTING 
THE GAIN 


Gain of the INAI15 
is set by connecting 
a single external 
resistor, Ra: 


The stability and temperature drift of the external gain setting 
resistor, Ra, also affects gain. Ra's contribution 
to gain error 
and drift can be directly inferred from the gain equation (I). 
Low resistor values required for high gain can make wiring 
4 


resistance important. The "force and sense" type connections 
illustrated in Figure I help reduce the effect of interconnection 
resistance. 


Commonly 
used gains 
and resistor 
values 
are shown 
in 


Figure 1. 


For G= I, no resistor is required, 
but connect pins 2-3 and 
connect pins 14-15. Gain peaking in G=I can be reduced by 
shorting 
the internal 
25kQ feedback 
resistors 
(see typical 
performance 
curve Gain vs Frequency). 
To do this, connect 


pins 1-2-3 and connect pins 8-14-15. 


The 50kO term in equation I comes from the sum of the two 
internal 
feedback 
resistors. 
These 
are on-chip 
metal film 
resistors which are laser trimmed to accurate absolute values. 
The accuracy and temperature 
coefficient 
of these resistors 


are included in the gain accuracy and drift specifications 
of the 


INAII5. 


4 
V'N 


12 
Yo:G'(Y'N-Y'N) 


G:1 
+ 50kn 


Ra 


Ra 
11 
14 


15 
Load 
Yo 


+ 
10 
Y'N 


"7" 


8 
7 


O.l~F 
DESIRED 
RG 
NEAREST 
1% Ra 
Y02 


~ 
GAIN 
(Q 
(Q 


1 
No Connection 
No Connection 
Also drawn in simplified form: 


2 
50.00k 
49.9k 
Va' 
5 
12.50k 
12.4k 
Y- 


10 
5.556k 
5.62k 
Vl~ 
20 
2.632k 
2.61k 
50 
1.02k 
1.02k 
100 
505.1 
511 
Yo 


200 
251.3 
249 
500 
100.2 
100 
VI~ 
Ref 


1000 
50.05 
49.9 
2000 
25.01 
24.9 
5000 
10.00 
10 
V02 


10000 
5.001 
4.99 
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Multiplexer "on" resistance does not significantly affect gain. 
The resistor values required for some commonly 
used gain 


steps are shown. This circuit uses the internal2Skn 
feedback 
resistors, so the resistor values shown cannot be scaled to a 
different impedance 
level. 


Figure 3 shows an alternative switchable gain configuration. 
This circuit does not use the internal2Skn 
feedback resistors, 
so the nominal values shown can be scaled to other impedance 
levels. This circuit is ideal for use with a precision resistor 
network to achieve excellent gain accuracy and lowest gain 
drift. 


The INA liS provides very low noise in most applications. For 
differential 
source impedances 
less than lill, 
the INAI03 


may provide lower noise. For source impedances greater than 
SOkn, the INA III FET -Input Instrumentation 
Amplifier may 


provide lower noise. 


Low 
frequency 
noise 
of the INAIIS 
is approximately 
OAIlVp-P measured from 0.1 to 10Hz. This is approximately 
one-tenth the noise of "low noise" chopper-stabilized 
ampli- 
fiers. 


drift. Most applications require no external offset adjustment. 
Figure 4 shows an optional circ;uit for trimming 
the output 
offset voltage. The voltage applied to Ref terminal is summed 
at the output. Low impedance must be maintained at this node 
to assure good common-mode 
rejection. This is achieved by 


buffering the trim voltage with an op amp as shown. 


INPUT BIAS CURRENT 
RETURN 
PATH 


The input impedance 
of the INAIIS 
is extremely 
high- 
approximately 
101On.However, a path must be provided for 
the input bias current of both inputs. This input bias current is 
typically 
less than ±lnA 
(it can be either polarity 
due to 


cancellation circuitry). High input impedance means that this 
input bias current 
changes 
very little with varying 
input 
voltage. 


Input circuitry must provide a path for this input bias current 
if the INAllS 
is to operate properly. Figure S shows various 


provisions 
for an input bias current 
path. Without 
a bias 


current return path, the inputs will float to a potential which 
exceeds the common-mode 
range of the INA 1IS and the input 


amplifiers will saturate. If the differential source resistance is 
low, a bias current return path can be connected to one input 
(see thermocouple 
example in Figure S). With higher source 
impedance, using two resistors provides a balanced input with 
possible 
advantages 
of lower input offset voltage due bias 
current and better common-mode 
rejection. 


Feedback 


12 


A" 


11 
Va 


16 
A, 


14 


15 


15 


10 


-15V 
A, 
A, 
Gain 
+ 
R, 
R, 
R, 
R. 


L 
L 
V,N 
GAIN STEPS 
(0) 
(0) 
(OJ 
(0) 


H 
L 
1.10.100,1000 
2.5k 
55.6 
500 
2.5k 
L 
H 
1.2.4,8 
12.5k 
12.5k 
12.5k 
12.5k 


H 
H 
Highest 
1.2.5,10 
15k 
10k 
10k 
15k 


0, .•3, ~6•.•.9dB 
17.7k 
60.3k 
25k 
17.7k 
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2 
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A, 


Va 
11 
16 
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A, 


15 
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T"" 
10 
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-=- 
<C 
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-15V 
+ 
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A, 
A, 
Gain 


L 
L 
1 


H 
L 
L 
H 
H 
H 
Highest 


R, 
R, 
R, 
R. 
R, 
R, 
R, 


GAIN STEPS 
(il) 
(ill 
(ill 
(ill 
(ill 
(ill 
(ill 


1,10, 
100, 1000VN 
18k 
1.8k 
180 
40 
180 
1.8k 
18k 
1,2,4,8VN 
18k 
9k 
4.5k 
9k 
4.5k 
9k 
18k 
1,2,5,10VN 
18k 
10.8k 
3.6k 
7.2k 
3.6k 
10.8k 
18k 
0, +3, +6, +9dB 
18k 
12.74k 
9.02k 
43.7k 
9.02k 
12.74k 
18k 


Microphone, 
Hydrophone 
etc. 
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INPUT COMMON-MODE 
RANGE 


The linear common-mode 
range of the input op amps of the 
INAl15 
is approximately 
±13.75V (or l.25V from the power 


supplies). As the output voltage increases, however, the linear 
input range will be limited by the output voltage swing of the 
input amplifiers, 
A, and A2• The common-mode 
range is 


related to the output voltage of the complete amplifier-see 
performance 
curve "Input Common-Mode 
Range vs Output 
Voltage." 


A combination 
of common-mode 
and differential 
input sig- 
nals can cause the output of A, or A, to saturate. Figure 6 
shows the output voltage swing of AI and A, expressed 
in 
terms of a common-mode 
and differential 
input voltages. 


Output swing capability of the input amplifiers, AI and A, is 
the same as the output amplifier, A,. For applications 
where 
input common-mode 
range must be maximized, 
limit the 
output voltage swing by connecting 
the INAl15 
in a lower 
gain (see performance 
curve "Input Common-Mode 
Voltage 
Range vs Output Voltage"). 
If necessary, add gain after the 
INAl15 
to increase the voltage swing. 


Input-overload 
often produces an output voltage that appears 
normal. For example, an input voltage of +20V on one input 
and +40V on the other input will obviously exceed the linear 


common-mode 
range of both input amplifiers. 
Since both 
input amplifiers 
are saturated to the nearly the same output 


voltage limit, the difference voltage measured by the output 
amplifier will be near zero. The output of the INAl15 
will be 
near OV even though both inputs are overloaded. 


INPUT PROTECTION 


The inputs of the INAll5 
are individually 
protected 
for 


voltages up to ±40V. For example, a condition of -40V on one 
input and +40V on the other input will not cause damage. 
Internal circuitry on each input provides low series impedance 
under normal signal conditions. To provide equivalent protec- 
tion, series input resistors would contribute excessive noise. If 
the input is overloaded, the protection circuitry limits the input 
current to a safe value (approximately 
l.5mA). 
The typical 
performance 
curve "Input Bias Current vs Common-Mode 
Input Voltage" shows this input current limit behavior. The 
inputs are protected even if the power supply voltage is zero. 


OTHER APPLICATIONS 


See the INAl14 
data sheet for other applications 
circuits of 
general interest. 
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Ultra Low Input Bias Current 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW INPUT BIAS CURRENT: 
3fA typ 


• 
BUFFERED 
GUARD 
DRIVE PINS 


• 
LOW OFFSET VOLTAGE: 
2mV max 


• 
HIGH COMMON-MODE 
REJECTION: 


84dB (G = 10) 


• 
LOW QUIESCENT 
CURRENT: 
1mA 


• 
INPUT OVER-VOLTAGE 
PROTECTION: ±40V 


The INAl16 is a complete monolithic FET-input instru- 
mentation 
amplifier 
with extremely 
low input bias 
current. Difet® inputs and special guarding techniques 
yield input bias currents of 3fA at 25°C. and only 25fA 
at 85°C. Its 3-op amp topology allows gains to be set 
from 1 to 1000 by connecting a single external resistor. 


Guard pins adjacent to both input connections 
can be 
used to drive circuit board and input cable guards to 
maintain extremely low input bias current. 


The INAl16 is available in l6-pin plastic DIP and SOL-16 
surface-mount packages. specified for the -40"C to +85°C 
temperature range. 
• 
LABORATORY 
INSTRUMENTATION 


• 
pH MEASUREMENT 


• 
ION-SPECIFIC 
PROBES 


• 
LEAKAGE 
CURRENT 
MEASUREMENT 


BURR-BROWNe 
IElElI 


INAl16P, 
U 
INAl16PA, 
UA 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage. RTI 


Initial 
T•• 
+25°C 
±0.5 ±O.5/G 
±2±21G 
±5±5/G 
mV 
vs Temperature 
TA", 
TMIN to TMA)( 
See Typical Curve 


vs Power Supply 
VS' 
±4.5V to ±18V 


I 


±IO ±l5/G 
I±50 ±loo/G 
±Ioo 
±200/G 
J1VN 


Long-Term 
Stability 
±1±5/G 
J1V/mo 


Bias Current 
±3 
±25 
±Ioo 
fA 


vs Temperature 
See Typical Curve 
Offset Current 
I 
±I 
I 
±25 
±Ioo 
fA 


vs Temperature 
See Typical Curve 
Impedance, 
Differential 
>1015/0.2 
QlpF 
Common-Mode 
>lo15n 
QlpF 


Common-Mode Vonage Range 
(V+)-4 
(V+)-2 
II 


V 
(V-)+4 
(V-)+2.4 
V 


Sale Input Voltage 
±40 
V 


Common-Mode 
Rejection 
VOM' 
±11V, dRs' 
1Iill 
G = 1 
80 
89 
73 
dB 
G = 10 
B4 
92 
78 
dB 
G .100 
86 
94 
80 
dB 
VCM• 
±5V, G = 1000 
86 
94 
80 
dB 


NOISE 
Voltage Noise, RTI 
G = 1000, Rs' 
on 
nV/'I'Hz 
I. 
1kHz 
28 
Is' 
O.IHz to 10Hz 
2 
J1Vp-p 
Current Noise 
I = 1kHz 
0.1 
IAJ'I'Hz 


GAIN 
Gain Equation 
I +(50kQIRGl 
VN 


Range 01 Gain 
1 
1000 
VN 


Gain Error 
G .1 
±0.01 
±O.05 
0.1 
% 


G = 10 
±0.25 
±O.4 
±0.5 
% 


G = 100 
±0.35 
±O.5 
±0.7 
% 


G = 1000 
±1.25 
% 


Gain vs Temperature(l) 
G = 1 
±5 
±IO 
±20 
ppmrC 


501<0 Resistance(1)(2) 
±25 
±Ioo 
±IOO 
ppmrc 


Nonlinearity 
G = 1 
±0.0005 
±0.005 
±0.01 
% 01 FSR 
G = 10 
±0.001 
±0.005 
±0.01 
% of FSR 
G = 100 
±O.ool 
±0.005 
±0.01 
% of FSR 
G.l0oo 
±0.005 
% of FSR 


GUARD 
OUTPUTS 
Offset Voltage 
±15 
±SO 
mV 


Output Impedance 
650 
n 


Current Drive 
+21-<l.05 
mA 


OUTPUT 
Voltage Positive 
RL·IOkQ 
(V+) -I 
(V+) -<l.7 
V 
Negative 
RL = 10kQ 
(V-) +0.35 
(V-) +0.2 
V 


Load Capacitance 
Stability 
1000 
pF 
Short-Circuit 
Current 
+5/-12 
mA 


FREQUENCY 
RESPONSE 
Bandwidth, 
...;)dB 
G = I 
800 
kHz 
G = 10 
500 
kHz 
G = 100 
70 
kHz 


G.l000 
7 
kHz 


Slew Rate 
G.IOt0200 
0.8 
V/J1S 


Settling Time, 0.01 % 
10V Step, G • I 
22 
J1S 


G = 10 
25 
J1S 


G = 100 
145 
J1S 


G • 1000 
400 
J1S 


Output Overload 
Recovery 
50% Overdrive 
20 
J1s 


POWER SUPPLY 
Voltage Range 
±4.5 
±15 
±18 
V 


Current 
V,N = OV 
±1 
±1.4 
mA 


TEMPERATURE 
RANGE 
Specification 
-40 
85 
°c 


Operating 
-40 
125 
°c 


6JA 
80 
°CIW 


• Specification 
same as INA 116P 
NOTE: 
(1) Guaranteed 
by wafer 
test. 
(2) Temperature 
coefficient 
of tho "SOld)" 
torm 
in the gain 
equation. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR· BROWN does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1A,1B 
Ro 
9 
Ref 
2 
Guard- 
10 
- 
3 
V1N 
11 
Vo 


4 
Guard- 
12 
- 
5 
Guard + 
13 
V+ 
6 
ViN 
14 
- 


7 
Guard + 
15 
- 
8A,8B 
V- 
16A,16B 
Ro 


MilS 
(0,001") 
MilliMETERS 


Die Size 
112x121±5 
2.84 x 3.07 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
None 


A 
ELECTROSTATIC 


i.liitia.. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 


and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


INAl16PA 
16-Pin Plastic DIP 
180 


INA116P 
16-Pin Plastic DIP 
180 


INA116UA 
SOL -16 Surface-Mount 
211 


INA116U 
SOL-16 Surface· Mount 
211 


Supply Voitage 
±18V 
Input Voltage Range.. 
. .. ±40V 
Output Short·Circuit 
(to ground) 
Continuous 
Operating Temperature 
-40°C 
to +125°C 


Storage 
Temperature 
-40°C 
to +125°C 
Junction 
Temperature 
+150°C 
lead Temperature (soldering, 
10s) 
+300°C 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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.0 
•. 
~ 
" 
G-l0 
" 
1.0 
¥J 
0 
() 
1.0 
" 
" 
II: 
0 
1 
1 
., 
~ 
U 
g 
0.8 
0.8 ., 
., 
en 
~ 
G.l 
8 
Q. 


0.6 
0.6 


2 
3 
0.4 
0.4 


-80 
-80 
-40 
-20 
0 
20 
40 
60 
80 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


Offset Voltage Drift (~VrC) 
Temperature 
(0C) 
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32 
~ 
28 
" 
C> 
24 
.!l! 
<;> 
20 
" 
S- 
<5 
16 


1ii 
12 
'" 
Cl. 
B~ 
'" 
Cl. 
4 


G.lO 
100 


G-1 
, 


\1\ 


G = 1000 \\ 


-.~ 


-" 


10k 


Frequency (Hz) 


20.V 
i 
lOPs 
t·_~+· 
. 
- 


... 
_+ ___ J<~ 
.... 


; 
I 
- 


..-•..... ,..!II!!- 


I. - 
I 
I 
I 
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APPLICATIONS 
INFORMATION 


Figure I shows the connections 
required for basic operation 
of the INA1l6. 
Applications 
with noisy or high impedance 
power supplies may require decoupling 
capacitors 
close to 
the supply pins as shown. 


The output is referred to the output reference (Ref) terminal 
which is normally grounded. This must be a low impedance 
connection to assure good common-mode 
rejection. A resis- 
tance of 30n 
in series with this connection 
will cause a 
typical device to degrade to approximately 
72dB CMR at 
G=1. 


SETTING THE GAIN 


Gain of the INAI16 
is set by connecting 
a single external 
resistor, ~, 
as shown. The gain is- 


G=I+ 
50kQ 
Ro 


Commonly 
used 
gains 
and resistor 
values 
are shown 
in 
Figure 1. 


DESIRED 
RG 


GAIN 
(fl) 


1 
NC 


2 
50.00k 
5 
12.50k 
10 
5.556k 
20 
2.632k 
50 
1.02k 
100 
505.1 
200 
251.3 
500 
100.2 


1000 
50.05 


2000 
25.01 
5000 
10.00 
10000 
5.001 


NC: No Connection. 


NEAREST 1% RG 


(fl) 


NC 
49.9k 
12.4k 
5.62k 
2.61k 
1.02k 
511 
249 
100 
49.9 
24.9 


10 


4.99 


The 50kQ term in equation 
I is the sum of the two feedback 
resistors of Al and A2. These on-chip metal film resistors are 
laser trimmed to accurate absolute values. The accuracy and 
temperature 
coefficient of these resistors are included in the 
gain accuracy 
and drift specifications 
of the INAII6. 


The stability 
and temperature 
drift of ~ 
also affect gain. 


~'s 
contribution 
to gain accuracy and drift can be directly 
inferred 
from the gain equation 
(I). 
Low resistor 
values 


required 
for high gain make wiring resistance 
important. 


Sockets 
add to the wiring 
resistance 
that will contribute 
additional 
gain 
error 
in gains 
of approximately 
100 or 
greater. 


OFFSET TRIMMING 
(0,... 


The INAl16 
is laser trimmed 
for low offset voltage 
and 
,... 


offset voltage drift; most applications 
require 
no external 
<C 


offset adjustment. 
Figure 
2 shows an optional 
circuit 
for 
Z 


trimming the output offset voltage. A voltage applied to the 
Ref terminal is summed at the output. Op amp Al provides. 
a low source impedance 
for the Ref terminal, assuring good 
' 
common-mode 
rejection. 


8 


0.1~ 


v- 
"7 
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CIRCUIT 
BOARD LAYOUT AND ASSEMBLY 


Careful 
circuit 
board layout and assembly 
techniques 
are 
required to achieve the exceptionally 
low input bias current 
performance 
of the INA116. 
Guard terminals 
adjacent 
to 
both inputs make it easy to properly guard the critical input 
terminal layout. Since traces are not required to run between 
device pins, this layout is easily accomplished, 
even with the 
surface mount package. The guards should completely 
en- 
circle their respective input connections-see 
Figure 4. Both 
sides of the circuit board should be guarded, even if only one 
side has 
an input 
terminal 
conductor. 
Route 
any 
time- 
varying signals away from the input terminals. Solder mask 
should not cover the input and guard traces since this can 
increase leakage. 


INPUT BIAS CURRENT 
RETURN 
PATH 


Input circuitry 
must provide an input bias current path for 
proper 
operation. 
Figure 
3 shows resistors 
R1 and R2 to 
provide an input current path. Without 
these resistors, 
the 
inputs would eventually 
float to a potential that exceeds the 
common-mode 
range of the INAl16 and the input amplifiers 
would saturate. Because 
of its exceedingly 
low input bias 
current, 
improperly 
biased inputs may operate normally for 
a period 
of time after power 
is first applied, 
or operate 
intermittently. 


Crystal or 
Ceramic 
Transducer 


- - 
(0 E)--- 
(0 E)--- 


Guard Top and - - 


Bottom of Circuit Board. 


After assembly, 
the circuit board should be cleaned. Com- 
mercial solvents should be chosen according to the soldering 
method 
and flux used. 
Solvents 
should 
be cleaned 
and 
replaced often. Solvent cleaning should be followed by a de- 
ionized water rinse and 85°C bake out. 


Sockets can be used, but select and evaluate them carefully 
for best results. Use caution when installing the INA116 in 
a socket. Careless handling can contaminate 
the plastic near 
the input pins, dramatically 
increasing 
leakage current. 


A proven low leakage current assembly 
method is to bend 
the input pins outward 
so they do not contact 
the circuit 
board. 
Input 
connections 
are 
made 
in air and 
soldered 
directly to the input pin. This technique is often not practical 
or production-worthy. 
It is, however, a useful technique for 
evaluation and testing and provides a benchmark 
with which 


to compare other wiring techniques. The circuit board guard- 
ing techniques discussed normally reduce leakage to accept- 
able levels. 


A solid mechanical 
assembly 
is required 
for good results. 


Nearby plastic parts can be especially 
troublesome 
since a 
static charge can develop and the slightest motion or vibra- 
tion will couple charge to the inputs. Place a Faraday shield 
around the whole amplifier and input connection 
assembly 
to eliminate 
stray fields. 
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INPUT CONNECTIONS 


Some applications 
must make high impedance input connec- 
tions to external sensors or input connectors. 
To assure low 
leakage, the input should be guarded all the way to the signal 
source-see 
Figure 5. Coaxial cable can be used with the 
shield driven by the guard. A separate connection is required 
to provide a ground reference 
at the signal source. Triaxial 
cable 
may reduce 
noise pickup 
and provides 
the ground 
reference 
at the source. 
Drive 
the inner 
shield 
at guard 


potential and ground the outer shield. Two separate guarded 
lines are required 
if both the inverting 
and non-inverting 


inputs are brought to the source. 


The guard drive output current is limited to approximately 
+2rnN-501lA. 
For slow input 
signals 
the internal 
guard 
output 
can directly 
drive a cable 
shield. 
With fast input 
signals, 
however, 
the guard 
may 
not provide 
sufficient 
output current to rapidly charge the cable capacitance. 
An op 
amp buffer may be required as shown in Figure 6. 


Two coaxial 
cables 
and ground 
- 


CD,... 


Vl~ 
,... 
<C 
Vl~ 
Z- 


.,,- 


(J)a: 
.,,- 
w 
u:: 


Vl~ 
::::i 


Vl~ 


D. 
:E 
<C 
Z0 


~~ 
+15 
Z 
W 
:E 
~a:I- 


Vo 
(J)Z 


Circuit Board 


Guard 
\ 


Op amp buffer helps 
guard cables 
with 
fast input signals- 
see text. 
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BURR-BROWN® 
IElElI 


High Common-Mode 
Voltage 
DIFFERENCE 
AMPLIFIER 


• 
COMMON·MODE 
INPUT 
RANGE: 


±200V (Vs = ±15V) 


• 
PROTECTED 
INPUTS: 


±500V Common-Mode 
±500V Differential 


• 
UNITY GAIN: 
0.02% Gain 
Error 
max 


• 
NONLINEARITY: 
0.001% 
max 


• 
CMRR: 
86dB 
min 


The 
INA 117 is a precision 
unity-gain 
difference 
amplifier with very high common-mode 
input voltage 
range. 
It is a single monolithic 
Ie 
consisting 
of a 
precision 
op amp 
and integrated 
thin-film 
resistor 
network. It can accurately 
measure small differential 
voltages in the presence of common-mode 
signals up 
to ±200V. 
The 
INAI17 
inputs 
are protected 
from 
momentary 
common-mode 
or differential 
overloads 
up to ±500V. 


In many applications, 
where galvanic isolation is not 
essential, the INA 117 can replace isolation amplifiers. 
This can eliminate 
costly isolated 
input-side 
power 
supplies and their associated 
ripple, noise and quies- 
cent current. The INAl17's 
0.001% nonlinearity 
and 
200kHz 
bandwidth 
are superior 
to those of conven- 


tional isolation amplifiers. 


The INAI17 is available in 8-pin plastic mini-DIP and 
50-8 surface-mount 
packages, specified for the ooe to 
+700e 
temperature 
range. The metal TO-99 models 
are available 
specified 
for the -25°e 
to +85°e 
and 


-55°e 
to +125°e 
temperature 
range. 


• 
CURRENT 
MONITOR 


• 
BATTERY 
CELL-VOLTAGE 
MONITOR 


• 
GROUND 
BREAKER 


• 
INPUT PROTECTION 


• 
SIGNAL 
ACQUISITION 
IN NOISY 
ENVIRONMENTS 


• 
FACTORY 
AUTOMATION 
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SPECIFICATIONS 


INAl17AM, 
SM 
INAl17BM 
INAl17P, 
KU 


PARAMETER 
I 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GAIN 
Initial 
(1) 
1 
VN 


Error 
0.01 
0.05 
0.02 
% 
vs Temperature 
2 
10 
ppml"C 
Nonlinearity 
(2) 
0.0002 
0.001 
% 


OUTPUT 
Rated Voltage 
10 = +20mA, -5mA 
10 
12 
V 


Rated Current 
Va. 
10V 
+20, -5 
mA 
Impedance 
0.01 
n 
Current Limit 
To Common 
+49, -13 
mA 
•••••• 


Capacitive 
Load 
Stable Operation 
1000 
pF 
.•.. 


INPUT 
.•.. 


Impedance 
Differential 
800 
k!l 
< 
Common-Mode 
400 
k!l 
Z 
Voltage Range 
Differential 
±10 
V - 
Common-Mode, 
Continuous 
±200 
V 


Common·Mode 
Rejection 
(3) 


DC 
70 
80 
86 
94 
dB 
, 
AC,60Hz 
VeM : 400Vp-p 
66 
80 
66 
94 
dB 


vs Temperature, 
DC 
TA = TM1N to TMAX 


AM, BM, P, KU 
66 
75 
80 
90 
dB 
SM 
60 
75 
dB 
en 


OFFSET VOLTAGE 
RTO 
(4) 
a: 


Initial 
120 
1000 
1000 
~V 
W 
KU Grade (SO-8 Package) 
600 
2000 
~V 
u: 
vs Temperature 
TA 
"" TM1N 
to TMA)( 
8.5 
40 
20 
~V"C 
vs Supply 
Vs: 
±5V to ±18V 
74 
90 
80 
dB 
::i 
vs Time 
200 
~Vlmo 


OUTPUT 
NOISE VOLTAGE 
RTO 
(5) 
a. 


fs • 0.01 Hz fa 10Hz 
25 
~Vp-p 
~ 
fs' 
10kHz 
550 
nVNHz 
< 
DYNAMIC 
RESPONSE 
Z 
Gain Bandwidth, 
-3dB 
200 
kHz 


Full Power Bandwidth 
Vo = 20Vp-p 
30 
kHz 
0 
Slew Rate 
2 
2.6 
V/~ 


~ 


Settling Time: 0.1% 
Vo' 
10V Step 
6.5 
~s 


0.01% 
Vo' 
10V Step 
10 
~s 
0.01% 
VeM = 10V Step, VOIFF = OV 
4.5 
~s 
~ 
POWER SUPPLY 
Z 
Rated 
±15 
V 
W 
Voltage Range 
Derated Performance 
±5 
±18 
V 
~ 
Quiescent 
Current 
Vo = OV 
1.5 
2 
mA 


TEMPERATURE 
RANGE 
:;) 
Specification: 
AM, BM, P, KU 
-25 
+85 
0 
+70 
·C 
a: 
SM 
-55 
+125 
·C 
~ 
Operation 
-55 
+125 
-25 
+85 
OC 
en 
Storage 
-55 
+150 
-40 
+85 
·C 


·Specification 
same as for INAI17AM. 


NOTES: (1) Connected as difference amplifier (see Figure 1). (2) Nonlinearity is the maximum peak deviation from the best-fit straight line as a percent of full·scale 
peak-to-peak output. (3) With zero source impedance (see discussion of common-mode 
rejection in Application Information section). (4) Includes effects of amplifier's 


input bias and offset currents. 
(5) Includes effects of amplifier's 
input current noise and thermal noise contribution 
of resistor network. 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices andlor systems. 
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Supply Voltage 
. 


Input Voltage 
Range, 
Continuous 


Common-Mode 
and Differential, 
10S .. 
Operating 
Temperature 
M Metal TO-gg 
. 
-55 to +125·C 
P Plastic DIP and U SO-8 
-40 
to +85·C 
Storage 
Temperature 
M Package 
. 
-55 
to +lSO·C 
P Plastic DIP and U SO-8 
-40 
to +85·C 
Lead Temperature 
(soidering, 
10s) 
+300·C 
Output 
Short Circuit to Common 
. 
Continuous 


....... ±22V 


.............. ±200V 


.. 
±500V 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


INA117P 
8-Pin Plastic DIP 
O·C to +70"C 
INAl17KU 
SO-8 Surlace-Mount 
O·C to +70"C 
INAl17AM 
TO-99 Metal 
-25°C 
to +85°C 
INAl17BM 
TO-99 Metal 
-25·C 
to +85·C 
INA117SM 
TO-99 Metal 
-55·C 
to +125·C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


INA117P 
8·Pin 
Plastic DIP 
006 


INAl17KU 
SO-8 Surlace Mount 
182 


INAl17AM 
TQ-99 Metal 
001 


INA117BM 
TO-99 Metal 
001 


INAl17SM 
TO-gg Metal 
001 
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100 


iD 
90 
:!;!. 
c: 
~ 
80 
·iD 
a: 
" 
70 
-g 
::;;i; 
60 
0 
E 
E 
0 
50 
0 


40 
20 
100 
lk 
10k 
100k 


Frequency (Hz) 
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PAD 
FUNCTION 


1 
RetB 
2 
-In 
3 
+10 
4 
v- 
5 
RetA 
6 
Output 
7 
V+ (connect both pads) 


8 
Comp 
9 
(OpAmp-ln) 
10 
(OpAmp 
+In) 


MILS (0.001") 
MILUMETERS 


Die Size 
85xl03±5 
2.16x2.62±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.01 x 0.01 


Backing 
Gold 


100 


iD 
90 
:!;!. 
c: 
.~ 
80 
V+ 
·iD 
a: 
70 
~8: 
::> 
C/) 
60 
a; 
'" 
0 
Q. 
50 


40 
1 
10 
100 
lk 


Frequency (Hz) 


POSITIVE COMMON· MODE VOLTAGE RANGE 
NEGATIVE COMMON-MODE 
VOLTAGE RANGE 
vs POSITIVE POWER SUPPLY VOLTAGE 
vs NEGATIVE POWER SUPPLY VOLTAGE 
400 
-400 
~ 
~ 
, 
350 
'" 


-350 
, 
'" 


C> 
<: 
g> 
.• 
.• 300 
a: 
-300 
a: 
'" 
'" 


"0 
"8 
250 
Max Rating = 200V 
0 
-250 
Max Rating = -200V 
~ 
1 
1 
~ 
1 
1 
0 
0 
200 
- 
- 
- - 
E 
-200 
- 
- 
- - 
E 
E 
E 
0 
0 
150 
(J 
-150 
(J 
'" 
~ 
"" 
1ij 


".. 
100 
C> 
-100 
'" 
0 
Z 
0.. 


50 
-50 
5 
10 
15 
20 
-5 
-10 
-15 
-20 


Positive Power Supply Voltage (V) 
Negative Power Supply Voltage (V) 
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Applications with noisy or high impedance power supply lines 
may require decoupling capacitors close to the device pins. 


The output voltage 
is equal to the differential 
input volt- 
age 
between 
pins 
2 and 
3. The 
common 
mode 
input 
voltage 
is rejected. 


Internal circuitry connected 
to the compensation 
pin 8 can- 
cels the parasitic distributed 
capacitance 
between the feed- 
back resistor, 
R2, and the IC substrate. 
For specified 
dy- 
namic performance, 
pin 8 should be grounded or connected 
through a O.llJP capacitor to an AC ground such as V+. 


-15V 


1~F 
TantalUm! 
4 


A, 


2 
380kn 


-In:::V2 


A, 


3 
380kn 


+In ""V3 


As 
21.1kn 


8 


+ 
l~F 
I Tantalum 


COMMON-MODE 
REJECTION 


Common-mode 
rejection (CMR) of the INA 117 is depend- 
ent on the input resistor network, which is laser-trimmed 
for 
accurate ratio matching. To maintain high CMR, it is impor- 
tant to have low source impedances 
driving the two inputs. 
A 75Q resistance in series with pin 2 or 3 will decrease CMR 
from 86dB to 72dB. 


Resistance in series with the reference pins will also degrade 
CMR. A 4Q resistance in series with pin I or 5 will decrease 
CMRR from 86dB to 72dB. 


Most applications 
do not require trimming. Figures 2 and 3 
show optional circuits that may be used for trimming offset 
voltage and common-mode 
rejection. 


TRANSFER 
FUNCTION 


Most applications 
use the INAI17 
as a simple unity-gain 
difference 
amplifier. 
The transfer function is: 


Vo = V3 - V2 


V3 and V2 are the voltages at pins 3 and 2. 
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4 


380kn 
Y, 


380kn 
Y, 


21.1kn 


8 


"7 


(a) 


4 


380kn 


380kn 


6 


VO""V3-V2 


••••• 


+15Y 
,.... 


100kn 
,.... 


50kn 
<C 


±1.5mV 
Z 
10n 
Range 


-15Y 


Y+ 


Some applications, 
however, apply voltages to the reference 
terminals (pins I and 5). A more complete transfer function 
is: 


Vo = V3 - V2 + 19· 
Vs - 18· 
VI 


V5 and V I are the voltages at pins 5 and I. 


MEASURING 
CURRENT 


The INAII? 
can be used to measure a current by sensing the 
voltage drop across a series resistor, Rs. Figure 4 shows the 
INAll? 
used to measure 
the supply currents 
of a device 
under 
test. The circuit 
in Figure 
5 measures 
the output 
current of a power supply. If the power supply has a sense 
connection, 
it can be connected 
to the output side of Rs to 
eliminate the voltage-drop 
error. Another common applica- 


tion is current-to-voltage 
conversion 
as shown in Figure 6. 


V- 


380kn 


V, 


3 
380kn 
V, 


21.1kn 


Sense 
·-1 


: 
Rs 


-=- 
Il __ 
Optional Load 


Sense 
Connection 
(see text) 


(+200V max) 


+Vs 


Device 
Under 
Test 


-Vs 


(-200Vmax) 


FIGURE 
4. Measuring 
Supply Currents 
of Device 
Under 
Test. 
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Vs 


(±ZOOV max) 


Vs 


(±ZOOV max) 


3BOk!l 
3BOk!l 


6 


3 
380k!l 
Vo·1Vlo5V 


2500 


Re' 
21.1k!l 


8 
5 


Vs 


(±200V max) 


Vs 


(±200V max) 
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In all cases, the sense resistor imbalances 
the input resistor 
matching of the INA 117, degrading its CMR. Also, the input 
impedance of the INAl17 
loads Rs, causing gain error in the 
voltage-to-current 
conversion. 
Both of these errors can be 
easily corrected. 


The CMR error can be corrected 
with the addition 
of a 
compensation 
resistor, Reo equal in value to Rs as shown in 
Figures 4, 5, and 6. If Rs is less than 20Q, the degradation 
in CMR is negligible 
and Rc can be omitted. If Rs is larger 
than approximately 
2kQ, trimming 
Rc may be required to 
achieve greater than 86dB CMR. This is b(:cause the actual 
INA 117 input impedances 
have 1% typical mismatch. 


If Rs is more than approximately 
lOOQ, the gain error will 
be greater than the 0.02% specification 
of the INA 117. This 
gain error can be corrected by slightly increasing 
the value 
of Rs. The corrected 
value, Rs', can be calculated 
by- 


Rs·380kQ 
R'----- 
s - 
380kQ - Rs 


Vx 
v, 


-21V to +10V 
+lSV 
-sv 
to -36V 
Ground 
-20V to -SlV 
-lSV 


Example: 
For 
a IV ImA transfer 
function, 
the 
nominal, 


uncorrected 
value for Rs would be 1kQ. A slightly larger 
value, Rs' = 1002.6Q, compensates 
for the gain error due to 
loading. 


The 380kQ term in the equation 
for Rs' has a tolerance 
of 


±25%, 
so sense resistors 
above approximately 
400Q may 
require trimming to achieve gain accuracy better than 0.02%. 


Of course, if a buffer amplifier is added as shown in Figure 
7, both inputs see a low source impedance, 
and the sense 
resistor is not loaded. As a result, there is no gain error or 
CMR degradation. 
The buffer amplifier 
can operate 
as a 
unity gain buffer or as an amplifier with non-inverting 
gain. 


Gain added ahead of the INA117 improves 
both CMR and 
signal-to-noise. 
Added gain also allows a lower voltage drop 
across the sense resistor. The OPAI013 
is a good choice for 
the buffer amplifier since both its input and output can swing 
close to its negative power supply. 


4 


380kn 


6 


R 
Vo = I • Rs' 
(1 +i,-) 


Op amp power can be derived with voltage- r 
dropping zener diode 
if -Vx 
power is relatively 
-:- 


constant. 
/ 


IVxl = (SVto 36V) + Vz 
Vz 
e.g., If Vz is SOVthen Vx = -SSV to -86V. 


or 
" 


V- 


4 


380kn 
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an isolated power supply allows full ±200V common-mode 
input range. 


NOISE PERFORMANCE 


The noise performance 
of the INAll? 
is dominated 
by the 
internal resistor network. The thermal or Johnson 
noise of 


Many applications 
may be satisfied with less than the full 


200kHz bandwidth 
of the INAll? 
In these cases, the noise 
can be reduced with a low-pass filter on the output. The two- 
pole filter shown in Figure 9 limits bandwidth 
to 1kHz and 
reduces noise by more than 15:1. Since the INAll? 
has a 


1/f noise comer frequency of approximately 
100Hz, a cutoff 
frequency 
below 100Hz will not further reduce noise. 


1kO 
9kO 
Isolated DCfDC Converter 
+15V 


+15V~[h 


100MQ 
01,2* 
Com 


-15V 
q 
100kO 


V- 


4 


3aOkO 


V, 


3aOkO 
V, 


21.1kO 
20kO 


eo=IL 
x109 


(1V1nA) 


BUTTERWORTH 
LOW-PASS 
I~. 


200kHz 
100kHz 
10kHz 
1kHz 
S100Hz(1) 


OUTPUT NOISE 
(mVp-p) 


1.8 
1.1 
0.35 
0.11 
0.05 


R2 
C1 


No Filter ----- 


11.3kO 
100pF 


11.3kO 
1nF 
11.3kO 
10nF 
11.3kO 
0.1~F 


200pF 


2nF 
20nF 
0.2~F 
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Y3-Y' 
o Yo·---- 
19 R, 
1+-- 
R. 


Refe r to Application 
BunEttin AB-OOl for 


details. 


GAIN 
R, 
R 
(YN) 
(kil) 
(k. 


1/2 
1.05 
2 


1/4 
3.16 
2 


115 
4.22 
2B 


R, 
380kil 
V, 


R3 


380kil 


Y3 


Rs 
21.11ill 


8 


-::- 


R3 
3 
3801ill 


Rg 


4OO1ill 


INAlH 


1'00PF 
Rg 
R, 
R, 


5kil 
101ill 
10kil 
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V, 


Vet.! Range = 
+50V to +200V 


(Vs±9V) 


2 
380kO 
380kO 
V, 


VCM Range". 
-12V to +200V 
25kO 
(Vs= ±9V) 
380kO 


V, 
3 


(b) 
21.1kO 
VO=V3 
-V2 


INA117 
OV > Va > ~V 
swap A, pins 


5 
4 
2 and 3 for +4V > Va > OV. 


"7 


lN4684 


(V-) +3.3V 
3.3V 
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Repeal 
for each 
cell 


v- 


4 


380kil 


v- 


4 


380kil 


4 


380kil 


4 


380kil 
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+lSV 
-lSV 


7 
4 


380kfl 
100kfl 


2 
10kfl 


6 
3 
10kfl 
Va 


-0.1 
(12) 
Vo= 
1,-12 


= 
ILOAD 


100kfl 


INA106 


+1SV 
-1SV 


Vs (200V max) 


4 


380kfl 
380kfl 


R, 


O.W 
6 
380kfl 
-0.1 
(I,) 


I'i 


21.1kfl 


INAl17 


Refer to Application 
Sulletin AS-008 
for 
details. 
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BURR-BROWN® 
IElElI 


Pn!cision, 
Low Power 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW OFFSET VOLTAGE: 50~lVmax 


• 
LOW DRIFT: O.5~Vf'C max 


• 
LOW INPUT BIAS CURRENT: 
5nA max 


• 
HIGH CMR: 110dB min 


• 
INPUTS PROTECTED 
TO ±40V 


• 
WIDE SUPPLY 
RANGE: ±1.3fi to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
350~ 


• 
8-PIN PLASTIC 
DIP, SO-8 


• 
BRIDGE AMPLIFIER 


• 
THERMOCOUPLE 
AMPLIFIEI~ 


• 
RTD SENSOR AMPLIFIER 


• 
MEDICAL 
INSTRUMENTATION 


• 
DATA ACQUISITION 


The INAI18 
is a low power, general purpose 
instru- 


mentation 
amplifier 
offering 
excellent 
accuracy. 
Its 
versatile 3-op amp design and small size make it ideal 
for a wide range of applications. 
Current-feedback 


input circuitry provides wide bandwidth 
even at high 


gain (70kHz at G = 100). 


A single external resistor sets any gain from I to 10,000. 
Internal 
input protection 
can withstand 
up to ±40V 
without damage. 


The INA 118 is laser trimmed for very low offset voltage 
(50~V), drift (O.5~VI"C) and high common-mode 
re- 
jection 
(11OdB at G = 1000). It operates 
with power 
supplies as low as ± 1.35V, and quiescent current is only 
350~-ideal 
for battery operated systems. 


The 
INAI18 
is available 
in 8-pin 
plastic 
DIP, 


and 50-8 
surface-mount 
packages, 
specified 
for 


the -40°C 
to +85°C 
temperature 
range. 


IntemaUonal Airport Industrial Park 
• 
Mailing Address: PO Box 11400 
• 
Tucson, AZ 85734 
• 
Street Address: 6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 
TeI:(520)7~1111 
• 
Twx:91lH152·1111 
• 
Cable:BBRCORP 
• 
Telex: 066-6491 
• 
fAX: (520)889-1510 
• 
ImmediateProductlnfo:(800)~l32 
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SPECIFICATIONS 


ELECTRICAL 


At TA= +2S·C, Vs = ±ISV, Rl = 10kl1 unless otherwise noted. 


INA118PB, 
UB 
INA118P, 
U 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, RTI 
In~ial 
TA= +25°C 
±101S0/G 
1S01500/G 
1251100/G 
1125±1000/G 
liV 


vs Temperature 
TA= T MIN to TMA)( 
10.2121G 
10.5120/G 
10.215/G 
11 ±20/G 
livrc 
vs Power Supply 
Vs=11.35Vto 
118V 
11110/G 
151100/G 
110 1100/G 
llVN 


Long-Term Stability 
10.4151G 
llV/mo 
Impedance, 
Differential 
10'0111 
nil 
pF 
Common~Mode 
10'0114 
nil 
pF 
Unear Input Voltage Range 
(V+)-1 
(V+) - 0.65 
V 
(V-) + 1.1 
(V-) + 0.95 
V 
Safe Input Voltage 
140 
V 
Common-Mode 
Rejection 
VCM = 110V, ARs= lkn 
CO 
G-l 
80 
90 
73 
dB 
G = 10 
97 
110 
89 
dB 
.•... 


G.l00 
107 
120 
98 
dB 
.•... 


G = 1000 
110 
125 
100 
dB 
« 
BIAS CURRENT 
11 
15 
110 
nA 
Z 
vs Temperature 
140 
pArC 
- 
OFFSET CURRENT 
11 
15 
110 
nA 
vs Temperature 
140 
pArC 


NOISE VOLTAGE, 
RTI 
G - 1000, Rs - on 
, 


1= 10Hz 
11 
nVi-IHz 
I = 100Hz 
10 
nVi-IHz 


I = 1kHz 
10 
nVi'I'Hz 
(/) 
IB=0.IHztol0Hz 
0.28 
liV~P 
Noise Current 
a: 
1=10Hz 
2.0 
pN-IHz 
W 
1.1 kHz 
0.3 
pN'I'Hz 


IB= O.IHz to 10Hz 
80 
p~p 
u: 
GAIN 
::i 
Gain Equation 
1 + (50knJAo) 
VN 


Range 
of Gain 
1 
10000 
VN 
D. 


Gain Error 
G=1 
to.Ol 
10.024 
10.1 
% 
:E 
G = 10 
to.02 
to.4 
10.5 
% 


G= 100 
to.OS 
to.S 
10.7 
% 
« 
G = 1000 
10.5 
11 
12 
% 


Gain vs Temperature 
G-l 
11 
110 
110 
ppm/"C 
Z 
50kn Resistance(l) 
125 
1100 
ppm/"C 
0 
Nonlinearity 
G = 1 
to.0003 
10.001 
10.002 
%of 
FSR 
G.l0 
to.0005 
10.002 
10.004 
%ofFSR 
~ 
G= 100 
to.0005 
10.002 
to.OO4 
%ofFSR 
G = 1000 
10.002 
10.01 
10.02 
%ofFSR 


OUTPUT 
~ 
Voltage: 
Positive 
Rl- 
10kn 
(V+)-l 
(V+) - 0.8 
V 
Z 
Negative 
Rl = 10kn 
(V-) +0.35 
(V-) + 0.2 
V 
W 
Single Supply High 
Vs= +2.7V/0V!'1, Rl• 
10kl1 
1.8 
2.0 
V 
:E 
Single Supply Low 
Vs• +2.7V/0V!'1, Rl = tOkl1 
60 
35 
mV 
Load Capacitance 
Stability 
1000 
pF 
:) 
Short Circuit 
Current 
+51-12 
mA 
a: 
FREQUENCY 
RESPONSE 


Bandwidth, -3dB 
G.l 
800 
kHz 
~ 


G210 
500 
kHz 
(/) 
G = 100 
70 
kHz 
Z 
G.l000 
7 
kHz 
- 
Slew Rate 
Vo=110V,G=10 
0.9 
VillS 


Settling 
Tims, 
0.01% 
G.l 
15 
llS 
G = 10 
15 
llS 


G = 100 
21 
lls 
G = 1000 
210 
llS 
Overload 
Recovery 
50% Overdrive 
20 
llS 


POWER SUPPLY 
Voltage Range 
11.35 
115 
118 
V 


Current 
V,.- 
OV 
1350 
1385 
. 
~ 
TEMPERATURE 
RANGE 
Specrfication 
-40 
85 
·C 


Operating 
-40 
125 
·C 


8JA 
80 
·CIW 


• Specification 
same as INA 118PB, UB. 


NOTE: (1) Temperature 
coefficient of the M50kQ"term in the gain equation. (2) VCM = 2V. Common-mode 
input voltage range is limited. See text for discussion of low 
power supply 
and single power 
supply 
operation. 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use 01this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subject 
to change 
without 
notice. 
No patent rights or licenses 
to any of the circuits 
described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR-BROWN 
prodUct for use in life support devices andior systems. 
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Supply Voltage 
±18V 
Analog Input Voltage Range 
±40V 
Output 
Short-Circuit 
(to ground) 
Continuous 
Operating 
Temperature 
-40°C 
to +125°C 
Storage 
Temperature 
-40°C 
to +125°C 
Junction 
Temperature 
_ 
+150°C 


Lead Temperature 
(soldering, 
105) 
+300°C 


PAD 
FUNCTION 
PAD 
FUNCTION 


1A,1B(1) 
RG 
6 
Vo 


2 
V-IN 
7 
V+ 
3 
V+1N 
8A,8B(1) 
RG 


4 
V- 


5 
Ref 


NC = No Connection. 
NOTES: (1) Connect both indicated pads. 
Substrate 
Bias: 
Internally 
connected 
to v- 
power supply. 


MILS (0.001 ") 
MILLIMETERS 


Die Size 
120x70±5 
3.05 x 1.78 ±0.13 


Die Thickness 
14±3 
0.36±0.08 


Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
None 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


PACKAGE 
DRAWING 
TEMPERATURE 
MODEL 
PACKAGE 
NUMBER!') 
RANGE 


INA118P 
8-Pin Plastic DIP 
006 
-40"C 
to +85"C 


INA118PB 
8-Pin Plastic DIP 
006 
-40°C 
to +85°C 


INA118U 
SO-8 Surtace-Mount 
182 
-40"C 
to +85"C 


INA118UB 
SO-8 Surtace-Mount 
182 
-40"C 
to +85"C 
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TYPICAL PERFORMANCE CURVES 


GAIN vs FREQUENCY 
COMMON-MODE 
REJECTION vs FREQUENCY 


60 
140 


50 
"' 
120 
:2- 


40 
.2 100 


30 
~ 
"' 


".•. 
80 
:2- 
a:: 


c 
20 
" 
"0; 
"8 
60 
Cl 
10 
~ 
0 
40 
co 
E 
E 
""'" 
0 


-10 
u 
20 
""'"< 
0 
Z 
10k 
lOOk 
1M 
10M 
1 
10 
100 
1k 
10k 
100k 


Frequency (Hz) 
Frequency (Hz) • 
INPUT COMMON-MODE 
RANGE 
INPUT COMMON-MODE 
RANGE 
en 


vs OUTPUT VOLTAGE 
vs OUTPUT VOLTAGE 
a: 


15 
W 
G~ 10 
u: 
~ 
10 
~ 


" 
" 
::i 
0> 
0> 
a. 
g 
5 
g 
"0 
"0 


== 


> 
> 
" 
" 


Vo 
"8 
0 
"8 
< 
~ 
::; 
C: 
-1 
Z 
0 
-5 
0 
E 
E 
-2 
0 
E 
E 
0 
0 
-3 
u -10 
u 


~ 


-4 


-5 
r; 


-10 
-5 
0 
5 
10 
15 
-5 
-4 
-3 
-2 
-1 
0 
1 
4 
Z 
Output Voltage (V) 
Output Voltage (V) 
W 
== 
:)a: 


INPUT COMMON-MODE 
RANGE 
INPUT COMMON-MODE 
RANGE 
•••• 


vs OUTPUT VOLTAGE 
vs OUTPUT VOLTAGE 
en 


3 
Z 


~ 
4 
~ 
" 
" 
0> 
0> 
~ 
~ 
0 
3 
0 
> 
> 
" 
" 
"0 
"8 
0 
~ 
2 
~ 
0 
0 
E 
E 
E 
E 
0 
0 
u 
u 


0 
2 
3 
0 
1 
2 
3 


Output Voltage (V) 
Output Voltage 
(V) 
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For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CO NT) 


160 


140 
iD~ 
120 
i 
100 
G .1000 
'" 
a: 
80 
t 
80 
enI 
40 


20 


- 
- 


~ 
-+ill 
- 
- 
~.1000 
- 
- 


•.•••..1-- 
G .10 


=~ 


160 


140 
iD~ 
120 
i 
100 


'" 
a: 
80I 
80 
I 
40 


"- 
20 


0 


1 
100 
lk 


Frequency (Hz) 


100 


Frequency 
(Hz) 


~ 
C 
400 
~ 
<.) 
~ 


.~ 
300 
8 


25 
50 


Temperature 
(0G) 


lk 


Frequency (Hz) 


100 
1000 
l! 
< 
.g, 


10 
5: 
~ 
'0 
Q) 
z 
E 
C 
;:: 100 
~ 
.~ 
<.) 
E 
~ 


Q)en 
Oi 
'5 
a. 
.E 


10 


RLzl0kn 


- 
CL .100pF 


0,01%727' 


./ 


ij 
0.1% 


II 


10 
100 


Gain (VN) 


10 


8 


;( 6 
.§. 
4 


<= 
2 
~ 
<.) 
0 


~ -2 
~-4 
.E..<) 


..<) 


-10 


-40 


. 


3" 
1000 
G-l- 
r 
I 
- 


_G-l 
jG .1000 


o 


Overload 
Voilage 
(V) 
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TYPICAL PERFORMANCE CURVES (CONT) 


V+ 


~ 


(v+) -ll.4 


'"c 
(V+) -ll.8 
i 
(f).• 
'"~ 
0> 
'5 
(V-)+0.8 
9- 
6 
(V-)+0.4 


OFFSET VOLTAGE vs WARM-UP TIME 


10 
I 
8 
\. 


~ 
6 
.• 
4 
'" 
...••.... 
c 
G = 1000 
J!! 
2 
-- 


u.• 
0 
--- 
'"~ 
-2 
~ 
-f 
7D 
--4 
'{.j 
8 
-j) 
( 
-8 
J 
-10 
0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 


Time from Power Supply Turn On (ms) 


I 
I 


Positive 
Vs S ±5V 
- 
./ 


/ 


...•...• 


s=±1 
V 


.•.•.•...•• 


Single Power Supply. V 
= C 
~ 


- 
Ground-Referred 
Load J..-.-- 
Negative 
T 
I 


2 
3 


Output Current (mA) 


V+ 


(V+) -ll.2 
_ 
(V+)-ll.4 


;; 
(V+) -ll.6 


.~ 
(V+) -ll.8 


(f) 
(V+)-1 
j 
~ 
'5 
(V-) +0.4 


% 
o 
(V-) +0.2 
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- 
---- 
~ 


-Ilcel 


"'" 
- --I--- 
+lled- 
2 


o 
-75 
-50 
-25 
25 
50 
75 
100 
125 


Temperature 
(0C) 


5 
« 
4 
.s 
E~ 
:> 
U 


~ 


" 


los 


" 
"" 


±~ 
~-........:: ~ 
- - 
~ -1 


~ -2 
iii'5-.'3 
0. 
£--4 


25 
50 
75 
100 
125 


Temperature 
(OC) 


I I 
I 
I 


Positive 
I 


+8SoC 
+25°C 


--40°C 


RL·10kO 
I 
I 
I 
I I I 
+ 5°C 


Negative 
•..... 


..·::ri 


C 
I I 1- 
-r- 


~O!C 


±5 
±10 
±15 


Power Supply Vo~age (V) 


32 
~ 
28 
.• 
'" 
24 
~ 
0> 
20 
'5 
% 
16 
0 
-"'" 
12 
.• 
a.! 
8 
.• 
a. 
4 


G=10 
100 


G=1 
\ 


... \ 


G .1000 ..\ 


'. '. 


10k 


Frequency (Hz) 


- 


~ 
0.1 


z 
+ 
ClI 
I- 
0.01 


G~ 
f..- 
V 
r= 
,<:;,~~ 
f..- 
t= 
i==7" 


<- 
I---J 
'?-'- 
f..- 
V 
/ 
r= 
f..- 


f:::!(N'OiS 
r-=-" 
= 
e,~'?,ori··.. 
~L=~ 


f..- 


L- 
II IIII1 
II 


lk 


Frequency (Hz) 
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Figure 1 shows the basic connections 
required for operation 
of the lNAll8. 
Applications 
with noisy or high impedance 
power supplies may require decoupling 
capacitors 
close to 
the device pins as shown. 


The output is referred to the output reference (Ref) terminal 
which is normally grounded. This must be a low-impedance 
connection to assure good common-mode 
rejection. A resis- 
tance of 120 in series with the Ref pin will cause a typical 
device to degrade to approximately 
80dB CMR (G = 1). 


SETTING 
THE GAIN 


Gain of the INA118 
is set by connecting 
a single external 
resistor, Rc;, connected 
between pins 1 and 8: 


Commonly 
used gains 
and resistor 
values 
are shown 
in 
Figure 1. 


The 50kO term in Equation 1 comes from the sum of the two 
internal 
feedback 
resistors 
of AI and Az. These 
on-chip 
metal film resistors 
are laser trimmed to accurate absolute 
values. The accuracy 
and temperature 
coefficient 
of these 
resistors are included in the gain accuracy and drift specifi- 
cations of the INAI18. 


DESIRED 
RG 
NEAREST 
1% RG 
GAIN 
(0) 
(0) 


1 
NC 
NC 
2 
50.00k 
49.9k 
5 
12.50k 
12Ak 
10 
5.556k 
5.62k 
20 
2.632k 
2.61k 
50 
1.02k 
1.02k 
100 
505.1 
511 
200 
251.3 
249 
500 
100.2 
100 
1000 
50.05 
49.9 
2000 
25.01 
24.9 
5000 
10.00 
10 
10000 
5.001 
4.99 


The typical performance 
curve "Gain vs Frequency" 
shows 
that, despite its low quiescent current, the INAl18 
achieves 
wide bandwidth, 
even 
at high 
gain. 
This 
is due to the 
current-feedback 
topology of the INAll8. 
Settling time also 
remains excellent 
at high gain. 


The INAll8 
exhibits approximately 
3dB peaking at 500kHz 
in unity gain. This is a result of its current-feedback 
topol- 
4 


ogy and is not an indication of instability. 
Unlike an op amp 
with poor phase margin, the rise in response is a predictable 
+6dB/octave 
due to a response 
zero. 
A simple 
pole 
at 
300kHz 
or lower will produce 
a flat passband 
unity gain 
response. 


The 
stability 
and temperature 
drift 
of the external 
gain 
setting resistor, Ro, also affects gain. Rc;'s contribution 
to 
gain accuracy and drift can be directly inferred from the gain 
equation (l). Low resistor values required for high gain can 
make wiring resistance important. Sockets add to the wiring 
resistance which will contribute additional gain error (possi- 
bly an unstable gain error) in gains of approximately 
100 or 
greater. 


Vo = G· 
(V~ - V,,,) 


G=1+50kfl 
RG 
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The INAl18 
provides very low noise in most applications. 
For differential source impedances less than lill, 
the INAI03 
may provide 
lower noise. For source impedances 
greater 
than 50ill, 
the INAlll 
FET-Input 
Instmmentation 
Ampli- 
fier may provide lower noise. 
Low 
frequency 
noise 
of the 
INAl18 
is approximately 
0.28!tVp-p measured from 0.1 to 10Hz (G~IOO). This pro- 
vides dramatically 
improved noise when compared to state- 
of-the-art 
chopper-stabilized 
amplifiers. 


OFFSET TRIMMING 


The INAl18 
is laser trimmed 
for low offset voltage 
and 
drift. Most applications 
require 
no external 
offset adjust- 
ment. Figure 2 shows an optional 
circuit for trimming 
the 
output offset voltage. The voltage applied to Ref terminal is 
summed 
at the output. 
The op amp buffer 
provides 
low 
impedance 
at the Ref terminal 
to preserve good common- 
mode rejection. 


INPUT BIAS CURRENT 
RETURN P~ITH 


The input impedance 
of the INA1l8 
is extremely 
high- 
approximately 
101On. However, a path must be provided for 
the input bias current of both inputs. This input bias current 
is approximately 
±5nA. High input impt,dance 
means that 
this input bias current changes very little with varying input 
voltage. 


Input circuitry must provide a path for thi!: input bias current 
for proper operation. 
Figure 3 shows various provisions 
for 
an input bias current path. Without a bias current path, the 
inputs will float to a potential which exceeds the common- 
mode range of the INAl18 
and the input amplifiers 
will 
saturate. 


If the differential 
source resistance 
is low, the bias current 
return path can be connected 
to one input (see the thermo- 


couple example in Figure 3). With higher :>Durceimpedance, 
using two equal resistors 
provides 
a balanced 
input with 
possible advantages of lower input offset voltage due to bias 
current and better high-frequency 
common-mode 
rejection. 


Microphone, 
Hydrophone 
etc. 


INPUT COMMON-MODE 
RANGE 


The linear input voltage range of the input circuitry of the 
INA1l8 
is from 
approximately 
0.6V 
below 
the positive 
supply 
voltage 
to 
IV 
above 
the negative 
supply. 
As a 
differential 
input voltage causes the output voltage 
to in- 
crease, however, the linear input range will be limited by the 
output voltage 
swing of amplifiers 
AI and A2. Thus, the 
linear common-mode 
input range is related 
to the output 
voltage of the complete 
amplifier. 
This behavior 
also de- 
pends on supply voltage-see 
performance 
curves 
"Input 
Common-Mode 
Range vs Output Voltage". 


Input-overload 
can produce an output voltage that appears 
normal. For example, if an input overload condition 
drives 
both input amplifiers to their positive output swing limit, the 
difference voltage measured by the output amplifier will be 
near zero. The output of the INAl18 
will be near OV even 
though both inputs are overloaded. 


LOW VOLTAGE 
OPERATION 


The INA1l8 
can be operated 
on power supplies as low as 
±1.35V. Performance 
of the INAl18 
remains excellent with 
power supplies ranging from ±1.35V to ±18V. Most param- 
eters vary only slightly throughout this supply voltage range- 
see typical performance 
curves. Operation 
at very low sup- 
ply voltage requires careful attention to assure that the input 
voltages 
remain 
within 
their linear range. 
Voltage 
swing 
requirements 
of internal 
nodes 
limit the input 
common- 
mode range with low power supply voltage. Typical perfor- 
mance 
curves, 
"Input 
Common-Mode 
Range 
vs Output 
Voltage" 
show the range of linear operation 
for a various 
supply voltages and gains. 
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SINGLE SUPPLY OPERATION 


The INA1l8 
can be used on single power supplies of +2.7V 
to +36V. Figure 5 shows a basic single supply circuit. The 
output Ref terminal is connected to ground. Zero differential 
input voltage will demand an output voltage of OV (ground). 
Actual 
output 
voltage 
swing is limited 
to approximately 
35mV abo'e 
ground, when the load is referred to ground as 
shown. The typical performance 
curve "Output Voltage vs 
Output Current" shows how the output voltage swing varies 
with output current. 


With single supply operation, 
V~ 
and ViN must both be 
1.1V above ground 
for linear operation. 
You cannot, 
for 
instance, connect the inverting input to ground and measure 
a voltage connected 
to the non-inverting 
input. 


To illustrate 
the issues 
affecting 
low voltage 
operation, 


consider 
the circuit 
in Figure 
5. It shows 
the INA II 8, 


operating from a single 3V supply. A resistor in series with 
the low side of the bridge 
assures 
that the bridge output 


voltage is within the common-mode 
range of the amplifier's 
inputs. Refer to the typical performance 
curve "Input Com- 
mon-Mode 
Range vs Output Voltage" for 3V single supply 
operation. 


INPUT PROTECTION 


The inputs 
of the INAII8 
are individually 
protected 
for 
voltages up to ±40V. For example, a condition 
of -40V 
on 
one input 
and +40V 
on the other 
input 
will not cause 
damage. Internal circuitry on each input provides low series 
impedance 
under 
normal 
signal 
conditions. 
To provide 
equivalent protection, 
series input resistors would contribute 
excessive 
noise. If the input is overloaded, 
the protection 
circuitry limits the input current to a safe value of approxi- 
mately 
1.5 to 5mA. The typical performance 
curve "Input 
Bias Current vs Input Overload 
Voltage" 
shows this input 
current limit behavior. The inputs are protected 
even if the 
power supplies are disconnected 
or turned off. 


Figure I shows a simplified representation 
of the INAII8. 
The more detailed 
diagram 
shown here provides 
addi- 
tional insight into its operation. 


Each 
input 
is protected 
by two FET 
transistors 
that 
provide a low series resistance under normal signal con- 
ditions, 
preserving 
excellent 
noise performance. 
When 
excessive 
voltage is applied, these transistors 
limit input 
current to approximately 
1.5 to 5mA. 


A, Out. 
VOM- v •• - (1S~A' 25kn) - Vrf2 
A.,Out = VOM - v •• - (15~A' 25kn). 
Vrf2 


Output 
Swing 
Range 
A,. A.,; (V.) - O.65V to (V-). 
O.06V 
Amplifier Linear Input Range: (V+) - O.65V to (V-) + 1.1V 


BURR - BROWN" 
IE:I E:l1 
Burr-Brown Ie Data Book-Linear 
Products 


The differential 
input voltage is buffered by Q, and Q2 


and impressed across Ro, causing a signal current to flow 
through Ro, R, and R2. The output difference 
amp. A3• 


removes the common-mode 
component 
of the input sig- 
nal and refers the output signal to the Ref terminal. 


Equations in the figure describe the output voltages of A, 
and A2• The VBE and IR drop across R, and R2 produce 
output voltages on Al and A2 that are approximately 
IV 
lower than the input voltages. 


RG 
---Nt-- 


(External) 


rVo 


Ref 


SEEBECK 
ISA 
COEFFICIENT 
TYPE 
MATERIAL 
(I!VPC) 
R"R2 


E 
+ Chromel 
58.5 
66.5kfl 


- Constantan 


J 
+ Iron 
50.2 
76.8kfl 


- Constantan 


K 
+ Chromet 
39.4 
97.6kfl 


-Alumel 


T 
+ Copper 
38.0 
102kfl 


- Constantan 
;--1 


/ 
f-3:lB = 
21tR 
C 
11 


= 1.59Hz 


FIGURE 
7. Thermocouple 
Amplifier 
With Cold Junction 


Compensation. 


A, 


OPA177 
OPA602 
OPA128 


IBErrOf 


±1.5nA 
±1pA 
±75fA 


BURR-BROWN~ 


Burr-Brown Ie Data Book-Linear 
Products 
1E3lE3l1 


BURR - BROWN® 
IElElI 


Precisilon, Low Power 
INSTRUMENITATION 
AMPLIFIER 


• 
LOW OFFSET VOLTAGE: 
50~V max 


• 
LOW DRIFT: O.5~Vf'C max 


• 
LOW INPUT BIAS CURRENT: 
5nA max 


• 
HIGH CMR: 120dB min 


• 
INPUTS PROTECTED 
TO ±40V 


• 
WIDE SUPPLY 
RANGE: ±2.25 to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
700~ 


• 
8-PIN PLASTIC 
DIP, SO-8 


The INAI28 
is a low power, general purpose 
instru- 
mentation 
amplifier 
offering 
excellent 
accuracy. 
Its 
versatile 3-op amp design and small size make it ideal 
for a wide range 
of applications. 
Current-feedback 
input circuitry provides 
wide bandwidth 
even at high 
gain (200kHz at G = 100). 


A single 
external 
resistor 
sets any gain from 
I to 
10,000. Internal input protection 
can withstand 
up to 
±40V without damage. 


The INAI28 
is laser trimmed 
for very low offset 
voltage (50~V), drift (0.5~V/°C) 
and high common- 
mode rejection 
(120dB at G :e:100). It operates 
with 
power 
supplies 
as low 
as ±2.25V, 
and 
quiescent 
current 
is only 
700~-ideal 
for battery 
operated 
systems. 


The INAI28 
is available 
in 8-pin plastic 
DIP, and 
50-8 surface-mount 
packages, specified for the -40°C 
to +85°C temperature 
range. 


• 
BRIDGE AMPLIFIER 


• 
THERMOCOUPLE 
AMPLIFIER 


• 
RTD SENSOR 
AMPLIFIER 


• 
MEDICAL 
INSTRUMENTATION 


• 
DATA ACQUISITION 


BURR - BROWNe 
IElElI 


For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


INA128P, 
U 
INA128PA. 
UA 


PARAMETER 
CONOmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 


±25±100/G 
1±125±1000/G 
Offset Voltage, RTI 
Initial 
TA""+25°C 
±10±100/G 
±50±500/G 
~V 
vs Temperature 
TA"" 
TM1N to TMA>: 
±0.2± 
21G 
±0.5±20/G 
±0.2±5/G 
±1 ±20/G 
~V/·C 
vs Power Supply 
Vs = ±2.25V to ±lllV 
±0.2±20/G 
±1 ±100/G 
±2±200/G 
~VN 


Long-Term Stability 
±0.1 ±31G 
~V!mo 
Impedance, Differential 
10"112 
011 pF 
Common-Mode 
10"119 
011 pF 
Common-Mode 
Voltage Rangel') 
Vo = OV 
(V+)-2 
(V+)-1.4 
V 
(V-) + 2 
(V-) + 1.7 
V 
Sate Input Voltage 
±40 
V 
Common-Mode 
Rejection 
VOM = ±13V, dRs = - k!l 
G.1 
80 
86 
73 
dB 
G=10 
100 
106 
93 
dB 
G=100 
120 
125 
110 
dB 
G.1000 
120 
130 
110 
dB 


BIAS CURRENT 
±2 
±5 
±10 
nA 
vs Temperature 
±30 
pArC 
Offset Current 
±1 
±5 
±10 
nA 
vs Temperature 
±30 
pArC 


NOISE VOLTAGE, 
Rn 
G = 1000, Rs=On 
nV/-IHz 
t.l0Hz 
10 
1= 100Hz 
- 
8 
nV/-IHz 
t.lkHz 
8 
nV/-IHz 
1.=0.1Hztol0Hz 
0.2 
~Vp-p 
Noise Current 
pAl-IHz 
1.10Hz 
0.9 
f.1kHz 
0.3 
pAl-JHz 
1.=0.1Hzto 
10Hz 
I· 
30 
pAp-p 


GAIN 
Gain Equation 
1 + (50k!lIRal 
VN 


Range of Gain 
1 
10000 
VN 


Gain Error 
G.1 
±0.01 
±0.024 
±0.1 
% 


G=10 
±0.02 
±O.4 
±0.5 
% 


G.100 
±0.05 
±O.5 
±0.7 
% 


G=1000 
±0.5 
±1 
±2 
% 


Gain vs Temperature(2) 
G=l 
±1 
±10 
ppml"C 
SOkO Resistance{2. 3) 
±25 
±lOO 
ppml"C 
Nonlinearity 
Vo = ±13.6V, G=l 
±O.OOOl 
±0.001 
±0.002 
%ofFSR 
G=10 
±0.0003 
±0.002 
±0.004 
%ofFSR 
G=100 
±0.0005 
±0.002 
±0.004 
%ofFSR 
G.1000 
±0.001 
(Note 4) 
%of 
FSR 


OUTPUT 
Voltage: Positive 
RL = 10kO 
(V+)-1.4 
(V+) -0.9 
V 
Negative 
RL = 10kO 
(V-) + 1.4 
(V-) + 0.8 
V 
Load Capacitance 
Stability 
1000 
pF 
Short-Circuit 
Current 
+6/-15 
mA 


FREQUENCY 
RESPONSE 


Bandwidth, -3dB 
G.l 
1.3 
MHz 
G=10 
700 
kHz 
G=100 
200 
kHz 
G=1000 
20 
kHz 
Slew Rate 
Vo• 
±10V, G.l0 
4 
V/~s 
Settling Time, 0.01 % 
G.l 
7 
~s 
G=10 
7 
~s 
G.100 
9 
~ 
G=1000 
80 
~ 
Overload Recovery 
50% Overdrive 
4 
~s 


POWER SUPPLY 
Vo~age Range 
±2.25 
±15 
±18 
V 
Current, Total 
V'N=OV 
±7oo 
±750 
~ 


TEMPERATURE 
RANGE 
Specification 
-40 
85 
OC 
Operating 
-40 
125 
·C 
OJ, 
8-Pin Dip 
80 
·CIW 
SO-8S0IC 
150 
·CIW 


• Specification 
same as INA128P, U. 


NOTE: (1) Input common-mode 
range varies with output \loltage-see 
typical curves. (2) Guaranteed by wafer test. (3) Temperature 
coefficient of the -SOld}" term in 
the gain equation. (4) Nonlinearity 
measurements 
in G = . 000 are dominated by noise. Typical nonlinearity is ±0.001 %. 


The information provided herein is believed to be reliable; hJwever, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shalt be entirely at the user's own risk. Prices and specrtications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support device~; and/or systems. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


lA,18(1) 
RG 
5 
Ref 
2 
V,N 
6 
Vo 


3 
V+1N 
7 
V+ 
4 
V- 
BA,B8P) 
RG 


NC ""No Connection. 
NOTES: (1) Connect both indicated pads. 
Substrate 
Bias: 
Internally connected 
to V- 
power supply. 


MILS (0.001") 
MILLIMETERS 


Die Size 
12Bx76±5 
3.05xl.7B±0.13 


Die Thickness 
14±3 
0.35 ±O.OB 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
Gold 


A 
ELECTROSTATIC 
J.l!Ii.. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


Supply Voltage 
±1BV 
Analog Input Voltage Range 
±40V 
Output Short-Circuit 
(to ground).. 
. 
Continuous 
Operating 
Temperature 
-40°C 
to +125°C 
Storage 
Temperature.. 
.. 
.. -40°C 
to + 125°C 
Junction 
Temperature 
+150°C 
Lead Temperature 
(soldering, 
10s) 
. 
+300"C 


PACKAGE 
DRAWING 
TEMPERATURE 
MODEL 
PACKAGE 
NUMBER!') 
RANGE 


INA12BPA 
B-Pin Plastic DIP 
006 
-40"C 
to +B5"C 
INA12BP 
B-Pin Plastic DIP 
006 
-40"C 
to +B5"C 
INA12BUA 
SO-8 Suriace-Mount 
lB2 
-40"C 
to +B5"C 
INA12BU 
SO-B Surface-Mount 
lB2 
-40"C 
to +B5"C 
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GAIN vs FREQUENCY 
60 


50 


40 
.2 100 


Cil 
30 
-g 
".,. 
80 
~ 
II: 


c 
20 
a> 


"iij 
"8 
60 
Cl 
10 
~ 
0 
40 
0 
E 
E0 
-10 
() 
20 


0 
10k 
100k 
1M 
10M 
10 
100 
lk 
10k 
lOOk 
1M 


Frequency (Hz) 
Frequency (Hz) 


140 


120 
iii~ 
100 
~ 
".,. 
80 
II: 
J 
60 
J 


40 


20 


0 
10 
100 
lk 
10k 
lOOk 
1M 


Frequency (HZ) 


INPUT COMMON-MODE 
RANGE 


vs OUTPUT VOLTAGE, 
Vs• 
±15V 
15 


~ 


10 
~ 
a> 
a> 
0> 
0> 
~ 
J!! 
0 
0 
> 
> 
a> 
a> 
"8 
"8 
::; 
~ 
i: 
0 
-5 
0 
E 
E 
E 
E 
0 
0 
() 
-10 
() 


-10 
-5 
0 
5 
10 
15 


Output Vo~age (V) 


140 


120 


iii 
:!!. 


100 
c 
~ 
80 
"OS 
II:t 
60 


(JJI 


40 


20 


0 
10 
100 
1k 
10k 
lOOk 
1M 


Frequency (Hz) 


- 
-GI~10 
G~11O- 
- 


G.l -- 


........... G = 1 
V 
G~ 10 
.•... 


1 
~ - 
_I 
~~-- 


G=l 
~J 
- 
•.•..... 


........... 
--- 


Vs• 
±5V 
...........V 
---Vs=±2"5V 


o 


-1 


-2 


-.,'J 


--4 


-5 


-5 
--4 
-.,'J 
-2 
-1 
0 
1 


Output Vo~age (V) 
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TYPICAL PERFORMANCE CURVES (CONT) 


1k 
l¥ 
~ 


.~ 
100 
z 
"~g 
¥ 
10 
~ 
'5 
~ 


100 
l¥ 
<s- 


10 
:il 
·0z 
C 
~ 
() 
~ 
iii 
S~ 


100 


Frequency (Hz) 


_ 
0.8 
1 
C 
~ 
0.75 


() 
Cg 
0.7 
"8 
0.65 


25 
50 


Tamperature 
(0C) 


10 


8 
:> 
6 
.3 
" 
4 
C> 
c: 
'" 
2 
.c: 
() 
" 
0 
~ 
-2 
0> 
~ 


-4 


0 
-<i 


-8 


[I 


- 
1\ 


...-- 
t-. 


/" ~ 
-- 
- 
+/ 


- 
I 
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0.01% 
N 


h ~l~o 
~ 
;:: 
10 


.~ 
~ 


<'.s 
c 


~ 
0 


~ 
-1 


~ 
-2 


-{l 


-4 


-5 


-50 
-40 
-{l0 
-20 
-10 
0 
10 
20 
30 
40 


Input Voltage (V) 


1000• 
CJ)a:: 
w 
u::: 
::::i 
D. 
:!E 
<C 
Z0 


~~ 


50 
Zw 
:!E 
~a:: 
~ 
CJ) 
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TYPICAL PERFORMANCE CURVES (CONT) 


(V+) 


(V+)-{).4 


~ 


(V+)-O.8 


" 
(V+)-1.2 
Cl 
~ 
> 
5 
(V+)+1.2 
% 
0 
(V-)+0.8 


(V-)+O.4 


t-- 


- 


/ 
V 


2 


Output Current (mA) 


18 


16 
114 


"E 12 
g 
() 
10 
-- ~ 
--.... 


--- 
:i;;;;-- 


V+ 


(V+)-O.4 
~ 
g> 
(V+)-{).8 


.~ 
'" 
(V+)-1.2 
" 
Cl 
J'! 
(5 
(V-)+1.2 
> 
g. (V-)+0.8 
.5 


(V-)+0.4 


I 
I 


+ 5· 
85~C 


-40. 


IRLlz ;Okn 
, 


2· 


-40·C 


+85·C 
+8· 


-40·C /1/ 


\J~ 
V 
r-r 


30 
a: 
Co 


25 
~ 
" 
Cl 
J'! 
20 
(5>5S 
15 
.5 
~ 
10 
" 
0.. 


~" 
0.. 


G - 10 100 


III 


G-l 
,,\bJdJ 


N 


\\ 


.....•..••.•.•. 


10k 
lOOk 


Frequency (Hz) 


~ 
0.1 
z 
+o 
:I: 
~ 
0.01 


Vo= 
1Vrms 
500kHz Measurement 
Bandwidth 


I 
IIIIII11 
G .100, 
RL• 
100kn 


lk 
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Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CO NT) 


LARGE-SIGNAL 
LARGE-SIGNAL 
(G= 
1, 10) 
(G = 100, 1000) 


G = 1 
G = 100 


5V/div 
5V/div 


G= 10 
G = 1000 


5~div 
20~div 
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Figure I shows the basic connections 
required for operation 
of the INAI28. 
Applications 
with noisy or high impedance 
power supplies may require decoupling 
capacitors 
close to 
the device pins as shown. 


The output is referred to the output reference (Ref) terminal 
which is normally grounded. This must be a low-impedance 
connection to assure good common-mode 
rejection. A resis- 
tance of 8Q in series with the Ref pin will cause a typical 
device to degrade to approximately 
80dB CMR (G = I). 


SETTING 
THE GAIN 


Gain of the INA128 
is set by connecting 
a single external 
resistor, Ro, connected 
between pins I and 8: 


Commonly 
used 
gains 
and resistor 
values 
are shown 
in 
Figure 1. 


The 50kn term in Equation I comes from the sum of the two 
internal 
feedback 
resistors 
of Al and Az. 
These 
on-chip 
metal film resistors 
are laser trimmed 
to accurate absolute 
values. The accuracy 
and temperature 
coefficient 
of these 
resistors are included in the gain accuracy and drift specifi- 
cations of the INA128. 


DESIRED 
RG 
NEAREST 
1% RG 
GAIN 
(0) 
(n) 


1 
NC 
NC 
2 
50.00k 
49.9k 
5 
12.50k 
12.4k 


10 
5.556k 
5.62k 
20 
2.632k 
2.61k 
50 
1.02k 
1.02k 
100 
505.1 
511 
200 
251.3 
249 
500 
100.2 
100 
1000 
50.05 
49.9 
2000 
25.01 
24.9 
5000 
10.00 
10 
10000 
5.001 
4.99 


The 
stability 
and temperature 
drift 
of the external 
gain 
setting resistor, Ro, also affects gain. Ro's 
contribution 
to 
gain accuracy and drift can be directly inferred from the gain 
equation (I). Low resistor values required for high gain can 
make wiring resistance important. Sockets add to the wiring 
resistance which will contribute additional gain error (possi- 
bly an unstable gain error) in gains of approximately 
100 or 
greater. 


DYNAMIC 
PERFORMANCE 


The typical performance 
curve "Gain vs Frequency" 
shows 
that, despite its low quiescent current, the INA 128 achieves 
wide bandwidth, 
even 
at high gain. 
This 
is due to the 
current-feedback 
topology of the INAI28. 
Settling time also 
remains excellent at high gain. 


NOISE PERFORMANCE 


The INAI28 
provides very low noise in most applications. 
Low frequency 
noise is approximately 
0.2J,!Vp-p measured 
from 0.1 to 10Hz (G ~ 100). This provides 
dramatically 
improved noise when compared to state-of-the-art 
chopper- 
stabilized amplifiers. 


Vo: 
G' (V;;' - V,,,) 


G=1+50kU 
RG 
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offset voltage 
drift. Most applications 
require no external 
offset adjustment. 
Figure 
2 shows an optional 
circuit for 
trimming 
the output offset voltage. The voltage applied to 
Ref terminal is summed with the output. The op amp buffer 
provides low impedance at the Ref terminal to preserve good 
common-mode 
rejection. 


INPUT BIAS CURRENT 
RETURN 
PATH 


The input impedance 
of the INAI28 
is extremely 
high- 


approximately 
101On. However, a path must be provided for 
the input bias current of both inputs. This input bias current 
is approximately 
±2nA. High input impedance 
means that 
this input bias current changes very little with varying input 
voltage. 


Input circuitry must provide a path for this input bias current 
for proper operation. Figure 3 shows various provisions 
for 


an input bias current path. Without a bias current path, the 
inputs will float to a potential which exceeds the common- 
mode range of the INAI28 
and the input amplifiers 
will 


saturate. 


If the differential 
source resistance 
is low, the bias current 
return path can be connected 
to one input (see the thermo- 
couple example in Figure 3). With higher source impedance, 
using two equal resistors 
provides 
a balanced 
input with 
possible advantages of lower input offset voltage due to bias 
current and better high-frequency 
common-mode 
rejection. 


INPUT COMMON-MODE 
RANGE 


The linear input voltage range of the input circuitry of the 
INAI28 
is from 
approximately 
IAV 
below 
the positive 
supply 
voltage 
to 1.7V above 
the negative 
supply. 
As a 
differential input voltage causes the output voltage increase, 
however, the linear input range will be limited by the output 
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Microphone, 
Hydrophone 
etc. 


voltage swing of amplifiers 
Al and A2. So the linear com- 
mon-mode input range is related to the output voltage of the 
complete 
amplifier. 
This behavior 
also depends 
on supply 
voltage-see 
performance 
curves 
"Input 
Common-Mode 


Range vs Output Voltage". 


Input-overload 
can produce an output voltage that appears 


normal. For example, if an input overload condition 
drives 


both input amplifiers to their positive output swing limit, the 
difference 
voltage measured by the output amplifier will be 
near zero. The output of the INAI28 
will be near OV even 


though both inputs are overloaded. 


LOW VOLTAGE 
OPERATION 


The INAI28 
can be operated 
on power supplies as low as 
±2.25V. 
Performance 
remains 
excellent 
with 
power 
supplies 
ranging 
from ±2.25V 
to ±18V. 
Most parameters 


vary only slightly throughout this supply voltage range-see 
typical performance 
curves. Operation 
at very low supply 


voltage requires 
careful 
attention 
to assure that the input 
voltages 
remain 
within 
their linear range. 
Voltage 
swing 
requirements 
of internal 
nodes 
limit the input 
common- 
mode range with low power supply voltage. Typical perfor- 
mance 
curves, 
"Input 
Common-Mode 
Range 
vs Output 
Voltage" show the range of linear operation for ±15V, ±5V, 
and ±2.5V supplies. 


NOTE: Due to the INA128's current-feedback 
topology, VG is approximately 
0.7V less than 
the common-mode 
input voltage. 
This DC offset 
in this guard potential 
is satisfactory 
for many 
guarding applications. 


~ 
/ 
i_a = ~C 


11 


= 1.59Hz 


SEEBECK 
ISA 
COEFFICIENT 
TYPE 
MATERIAL 
(IlVIOC) 
R,.R2 


E 
+Chromel 
58.5 
66.5kU 
- Constantan 


J 
+ Iron 
50.2 
76.8kU 
- Constantan 


K 
+Chromel 
39.4 
97.6kU 
-Alumel 


T 
+ Copper 
38.0 
102kU 


- Constantan 


FIGURE 
7, Thermocouple 
Amplifier 
With 
RTD 
Cold- 
Junction Compensation, 


Load r 


o 


A, 
Is Error 


OPA177 
±1.5nA 


OPA131 
50pA 
7 


OPA602 
±1pA 


OPA128 
±75fA 
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Precision G = 100 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW OFFSET 
VOLTAGE: 
50ItV max 


• 
LOW DRIFT: O.25ItVI"C 
max 


• 
LOW INPUT BIAS CURRENT: 
2nA m,!IX 


• 
HIGH COMMON-MODE 
REJECTION: 


110dB 
min 


• 
INPUT OVERVOLTAGE 
PROTECTION: 


±40V 


• 
WIDE SUPPLY 
RANGE: 
±2.25 to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
3mA 


• 
8-PIN PLASTIC 
DIP, SOL-16 
SOIC 


The INABI 
is a low cost, general purpose G = 100 


instrumentation 
amplifier offering excellent accuracy. 


Its 3-op amp design and small size make it ideal for 
a wide range of applications. 


On-chip laser trimmed resistors accurately set a fixed 
gain of 100. The INABI 
is laser trimmed to achieve 
very low offset voltage 
(50ItV), 
drift (O.25ItV/°C), 
and high CMR (1IOdB). Internal input protection can 
withstand 
up to ±40V inputs without damage. 


The INAl31 
is available 
in 8-pin plastic 
DIP and 
SOL-16 surface-mount 
packages. 
They are specified 
over the -40°C 
to +85°C temperature 
range. 


• 
BRIDGE 
AMPLIFIER 


• 
THERMOCOUPLE 
AMPLIFIER 


• 
RTD SENSOR 
AMPLIFIER 


• 
MEDICAL 
INSTRUMENTATION 


• 
DATA ACQUISITION 
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IElElI 


INA131BP, 
BU 
INA131AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, RTf 
Initial 
TA = +25°C 
±10 
±50 
±25 
±125 
~V 


vs Temperature 
TA = TM1N to TMAX 
_. 
±O.l 
±O.25 
±O.25 
±1 
~V/oC 


vs Power Supply 
Vs: 
±2.25V to ±18V 
0.5 
3 
~VN 


Long-Term 
Stability 
0.2 
~Vlmo 


Impedance, 
Differential 
10'0 II 6 
011 pF 


Common-Mode 
10'0116 
011 pF 
Input Common·Mode 
Range 
±11 
±13.5 
V 
Safe Input Voltage 
±40 
V 


Common-Mode 
Rejection 
VCM = ±10V, 6Rs - lkn 
110 
120 
106 
110 
dB 


BIAS CURRENT 
±O.5 
±2 
±5 
nA 


vs Temperature 
±8 
pArC 


OFFSET CURRENT 
±O.5 
±2 
±5 
nA 


vs Temperature 
±8 
pArC 


NOISE VOLTAGE, 
RTI 
Rs= 00 
f = 10Hz 
16 
nV/~ 
f: 
100Hz 
12 
nVl~ 
f = 1kHz 
12 
nVl~ 
f= 
10kHz 
12 
nV/~ 


fa= O.lHz to 10Hz 
0.4 
~Vp-p 


Noise 
Current 
f = 10Hz 
0.4 
pAl~ 
f= 1kHz 
0.2 
pAl~ 
fa= O.lHz to 100Hz 
18 
pAp-p 


GAIN 
Gain 
Error(1) 
±0.01 
±0.024 
±O.l 
% 


Resistor 
Value(2) 
±10 
±40 
. 
% 


Gain vs Temperature 
±5 
±10 
±20 
ppml"C 
Nonlinearity 
±0.OOO3 
±0.oo2 
±0.004 
% of FSR 


OUTPUT 


Voltage 
10 = SmA, 
T MIN to T MAX 
±13.5 
±13.7 
V 
Vs: 
±11.4V, 
RL= 2kO 
±10 
10.5 
V 
Vs: 
±2.25V, R L= 2kn 
±1 
1.5 
V 
Load Capacitance, 
max 
Stable 
Operation 
1000 
pF 
Short Circuit Current 
+201-15 
mA 


FREQUENCY 
RESPONSE 
Bandwidth, 
-3dB 
70 
kHz 
Slew Rate 
Vo= ±10V 
0.3 
0.7 
V/~ 
Settling Time. 
0.01% 
100 
~s 
Overload 
Recovery 
50% 
Overdrive 
20 
~ 


POWER SUPPLY 
Voltage 
Range 
±2.25 
±15 
±18 
V 
Current 
V1N = OV 
±2.2 
±3 
mA 


TEMPERATURE 
RANGE 


Specification 
-40 
85 
°C 
Operating 
-40 
125 
°c 
6JA 
100 
°CIW 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information. 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Ro 
6 
Yo 


2 
V-IN 
7 
Feedback 


3 
V+1N 
8 
Y+ 


4 
Y- 
9 
Ro 


S 
Ref 


MilS 
(0.001") 
MilliMETERS 


Die Size 
141 x 120 ±S 
3.S8 x 3.0S ±0.13 


Die Thickness 
20±3 
0.S1 ±0.08 


Min. Pad Size 
4x4 
0.10xO.10 


Backing 
Gold 


A 
ELECTROSTATIC 
J.l:itia. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 


propriate precautions. Failure to observe proper handling and 
installation procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


6 
Yo 


S 
Ref 


Top View 
U-Packagell6-Pln 
SOIC 


NC 
0 
16 
NC 


Ro 


NC 
NC 


Y+ 


V+1N 
Feedback 


NC 
Yo 


Ref 


NC 
9 
NC 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


INA131AP 
8-Pin Plastic DIP 
-40°C 
to +85°C 


INA131BP 
8-Pin Plastic DIP 
-4Q°C to +85°C 


INA131AU 
SOl-16 
Surface-Mount 
-40°C 
to +85°C 


INA131BU 
SOl-16 
Surface-Mount 
-40·C 
to +8S·C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERI') 


INA131AP 
8-Pin Plastic DIP 
006 


INA131BP 
a-Pin Plastic DIP 
006 


INA131AU 
SOl-16 
Surface-Mount 
211 


INA131BU 
SOl-16 
Surface-Mount 
211 


Supply Yolfage 
±18Y 
Input Yoltage Range 
±40Y 
Output 
Short 
Circuit 
(to ground) 
Continuous 


Operating 
Temperature 
-40°C 
to +"125°C 
Storage 
Temperature 
-40°C 
to +125°C 
Junction Temperature 
+150°C 
lead 
Temperature 
(soldering -10s) 
+300·C 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES (CONT) 
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TYPICAL PERFORMANCE CURVES (CONT) 


QUIESCENT 
CURRENT AND POWER DISSIPATION 
vs POWER SUPPLY VOLTAGE 
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Figure 1 shows the basic connections 
required for operation 
of the INAl3!. 
Applications 
with noisy or high impedance 
power supplies may require decoupling 
capacitors 
close to 
the device pins as shown. 


The output is referred to the output reference (Ref) tenninal 
which is normally grounded. This must be a low-impedance 
connection to assure good common-mode 
rejection. A resis- 
tance of Sf.! in series with the Ref pin will cause a device 
with l10clB CMR to degrade to approximately 
106dB CMR. 


No external 
resistors 
are required 
for G = 100. On-chip 
laser-trimmed 
resistors set the gain, providing excellent gain 
accuracy 
and temperature 
stability. 
Gain is distributed 
be- 
tween the input and output stages of the INAl3!. 
Bandwidth 
is increased 
by approximately 
five times (compared 
to the 
INAl14 
in G = 100). Input common-mode 
range is also 
improved 
(see "Input Common-Mode 
Range"). 


Although 
the 
INAl3l 
is primarily 
intended 
for 
fixed 
G = 100 applications, 
the gain can be increased by connect- 
ing an external resistor to the Ro pins. The internal resistors 
are trimmed for precise ratios, not to absolute values, so the 
influence 
of an external 
resistor 
will vary from device to 


Where: RG is the external gain resistor. 


Accuracy 
of the 2S0kf.! term is ±40%. 


The stability 
and temperature 
drift of the external 
gain 


setting resistor, Ro. also affects gain. Ro's contribution 
to 


gain accuracy 
and drift can be directly 
inferred 
from the 
gain equation 
(1). 


The INAl3l 
provides very low noise in most applications. 


For 
differential 
source 
impedances 
less 
than 
Iill, 
the_ 
INAl03 
may provide lower noise. For source impedances 
' 
greater than SOill, the INAlll 
FET-Input 
Instrumentation 
Amplifier 
may provide lower noise. 


Low 
frequency 
noise 
of the 
INAl3l 
is approximately 


O.4~Vp-p 
measured 
from 0.1 to 10Hz. This is approxi- 
mately one-tenth the noise of state-of-the-art 
chopper-stabi- 
lized amplifiers. 
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The INAl31 
is laser trimmed for very low offset voltage and 
drift. Most applications 
require 
no external 
offset adjust- 


ment. Figure 2 shows an optional circuit for trimming 
the 
output offset voltage. The voltage applied to Ref terminal is 
summed at the output. Low impedance 
must be maintained 
at this node to assure good common-mode 
rejection. This is 
achieved 
by buffering 
trim 
voltage 
with 
an op amp 
as 
shown. 


The input impedance 
of the INAl31 
is extremely 
high- 
approximately 
lOwn. However, a path must be provided for 
the input bias current of both inputs. This input bias current 
is typically less than ±lnA 
(it can be either polarity due to 
cancellation 
circuitry). 
High input impedance 
means 
that 
this input bias current changes very little with varying input 
voltage. 


Input circuitry must provide a path for this input bias current 
if the INAl31 
is to operate properly. Figure 3 shows various 
provisions 
for an input bias current 
path. Without 
a bias 
current return path, the inputs will float to a potential which 
exceeds 
the common-mode 
range of the INAl31 
and the 
input amplifiers will saturate. If the differential source resis- 
tance is low, bias current return path can be connected to one 
input (see thermocouple 
example in Figure 3). With higher 
source impedance, 
using two resistors provides 
a balanced 
input with possible advantages 
of lower input offset voltage 
due to bias current and better common-mode 
rejection. 


The linear common-mode 
range of the input op amps of the 
INAl31 
is approximately 
±13.75V 
(or 
1.25V 
from 
the 
power supplies). 
As the output voltage increases, 
however, 
the linear input range is limited by the output voltage swing 
of the input amplifiers, 
AI and A,. The 5VN 
output stage 
gain of the [NAB1 
reduces 
this effect. Compared 
to the 


Microphone, 
Hydrophone 
etc. 


INA1l4 
and other unity output gain instrumentation 
ampli- 
fiers, the INAl31 
provides several additional 
volts of input 
common-mode 
range with full output voltage swing. See the 
typical performance 
curve "Input Common-Mode 
Range vs 
Output Voltage". 


Input-overload 
often produces an output voltage that appears 
normal. For example, an input voltage of +20V on one input 
and +40V on the other input will obviously exceed the linear 
common-mode 
range of both input amplifiers. 
Since both 
input amplifiers 
are saturated to the nearly the same output 
voltage limit, the difference voltage measured by the output 
amplifier will be near zero. The output of the INAl31 
will 
be near OV even though both inputs are overloaded. 


The inputs 
of the INAl31 
are individually 
protected 
for 
voltages up to ±40V. For example, a condition 
of -40V 
on 
one input 
and +40V 
on the other 
input 
will not cause 
damage. Internal circuitry on each input provides low series 
impedance 
under 
normal 
signal 
conditions. 
To 
provide 
equivalent protection, series input resistors would contribute 
excessive 
noise. If the input is overloaded, 
the protection 
circuitry 
limits the input current 
to a safe value (approxi- 
mately 1.5mA). The typical performance 
curve "Input Bias 
Current 
vs Input Voltage" 
shows this input current 
limit 
behavior. The inputs are protected 
even if no power supply 
voltage is present. 
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OUTPUT VOLTAGE 
SENSE (SOL-16 
package only) 


The surface-mount 
version of the INABI 
has a separate 
output sense feedback connection 
(pin 12). Pin 12 must be 
connected 
to the output terminal (pin II) for proper opera- 
tion. (This connection 
is made internally on the DIP version 
of the INAB!.) 


Surlace-mount 
package 
I version 
only. 


/Nv~ 


Equal 
resistance 
here preserves 


QOod common-mode 
rejection. 


The output sense connection can be used to sense the output 
voltage directly at the load for best accuracy. Figure 4 shows 
how to drive a load through 
series interconnection 
resis- 
tance. Remotely 
located feedback paths may cause instabil- 
ity. This can be generally 
be eliminated 
with a high fre- 
quency feedback path through C,. Heavy loads or long lines 
can be driven by connecting 
a buffer inside the feedback 
path (Figure 5). 


Surface-mount 
package 
I version 
only. 


Common-mode 
resistors have 
approximately 
0.1 % effect 
on galn. 


Equal line resistance 
here creates 
a small common-mode 
voltage 
which is rejected by INA131. 


RTD~l 
!N 


2 
!V\/'- 


3 
I- 
J.. 
I-. 


"VY'---l 


Resistance 
in this line causes 
7" 
a small common-mode 
voltage 
which is rejected by INA131. 
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R, 


BO.6kO 
4 


SEEBECK 
ISA 
COEFFICIENT 
R, 
R, 


TYPE 
MATERIAL 
(~vrc) 
(R,= 
l00q 
(R, + R. = l00q 


E 
Chrome! 
5B.5 
3.48k!l 
56.2kO 
Constantan 


Iron 
50.2 
4.12k!l 
64.9k!l 
Constantan 


K 
Chromel 
39.4 
5.23k!l 
BO.6kO 
Arumel 


T 
Copper 
3B.0 
5.49k!l 
B4.5kO 


Constantan 


R, 
1000 
ZeroAdj 


~ 


/ 
;-3d8= 
~C 


11 


= 1.59Hz 


I 
10 


G_oad 
, 


A, 
Ie Error 


OPAI77 
±1.5nA 


OPA602 
lpA 
OPA12B 
75fA 
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Precision, 
Low Power, G = 10, 100 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW OFFSET VOLTAGE: 
50JlV max 


• 
LOW DRIFT: 0.5JlV/oC max 


• 
ACCURATE 
GAIN: ±O.05% at G = 10 


• 
LOW INPUT BIAS CURRENT: 
5nA max 


• 
HIGH CMR: 117dB min 


• 
INPUTS PROTECTED 
TO ±40V 


• 
WIDE SUPPLY 
RANGE: ±2.25 to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
750JlA 


• 
8-PIN PLASTIC 
DIP, SO-8 


The INAI41 
is a low power, general purpose instru- 
mentation 
amplifier 
offering 
excellent 
accuracy. 
Its 
versatile 3-op amp design and small size make it ideal 
for a wide range 
of applications. 
Current-feedback 
input circuitry provides wide bandwidth 
even at high 
gain (200kHz at G = 1(0). 


Simple pin connections 
set an accurate gain of 10 or 
IOOVN without external resistors. Internal input pro- 
tection can withstand 
up to ±40V without damage. 


The INAl41 
is laser trimmed 
for very low offset 
voltage (50)lV), drift (O.5)lV1°C) and high common- 
mode rejection 
(ll7dB 
at G = 1(0). It operates 
with 
power 
supplies 
as low 
as ±2.25V, 
and 
quiescent 
current 
is only 
750)lA-ideal 
for battery 
operated 
systems. 


The INAl41 
is available 
in 8-pin plastic 
DIP, and 
SO-8 surface-mount 
packages, specified for the -40°C 
to +85°C temperature 
range. 


• 
BRIDGE AMPLIFIER 


• 
THERMOCOUPLE 
AMPLIFIER 


• 
RTD SENSOR 
AMPLIFIER 


• 
MEDICAL 
INSTRUMENTATION 


• 
DATA ACQUISITION 


VI;; 
2 


2520 


G .10 
: 
or 
50500 
G=100 
: 
2520 
8 


Vl~ 
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SPECIFICATIONS 


INA141P, 
U 
INA141PA, 
UA 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, RTI 
G= 100 
±20 
±SO 
±125 
~V 
G: 
10 
±50 
±loo 
±250 
~V 


V$ Temperature 
G= 100 
±0.2 
±O.5 
±1.5 
~vrc 
G: 
10(2) 
±0.5 
±2 
±2.5 
~vrc 


V$ Power Supply 
Vs: 
±2.25 to ±18V, G = 100 
±0.4 
±1 
±3 
~VN 
G = 10 
±2 
±10 
±20 
~VN 
Long-Term Stability 
G-l00 
0.2 
- 
~Vlmo 
G -10 
0.5 
~Vlmo 
Impedance, 
Differential 
10'0112 
~.. 
nllpF 
Common·Mode 
10'0119 
nil 
pF 
Common·Mode 
Voltage Range(1) 
Vo = OV 
(V+)-2 
(V+) -1.4 
V 
(V-) + 2 
(V-) + 1.7 
V 
Safe Input Vohage 
±40 
. 
V 
Common-Mode 
Rejection 
VCM = ±13V,dRs= 
lkU 
G= 
100 
117 
125 
110 
120 
dB 
G= 10 
100 
108 
93 
100 
dB 


BIAS CURRENT 
±2 
±5 
±10 
nA 


V$ Temperature 
±30 
pArC 
Offset Current 
±1 
±5 
±10 
nA 


V$ Temperature 
±30 
pArC 


NOISE VOLTAGE, 
RTI 
nVl-#iZ 
f = 10Hz 
G = 100, Rs = on 
10 
1= 100Hz 
8 
nVl-#iZ 
f = 1kHz 
8 
nV/-#iZ 
f.:0.1Hzto 
10Hz 
0.2 
,;0$\'z 
f= 
10Hz 
G = 10, Rs =on 
22 
f = 100Hz 
13 
nVI..ffiZ 
1= 1kHz 
12 
nV/-#iZ 
f. = O.lHz to 10Hz 
0.6 
\ 
~Vp-p 
Noise Current 
f = 10Hz 
0.9 
. 
pAl-#iZ 
f = 1kHz 
0.3 
pAl-#iZ 
f.=0.1Hztol0Hz 
30 
pAp-p 


GAIN 
Gain Error 
Vo = ±13.6V, G = 100 
±0.03 
±0.075 
±0.15 
% 
G -10 
±0.01 
±O.05 
±0.15 
% 


Gain V$ Temperature(2) 
G-l0,100 
±2 
±10 
ppmrc 
Nonlinearity 
G= 100 
±O.OOO5 
±0.002 
±0.004 
%ofFSR 
G = 10 
±O.OOO3 
±O.ool 
±0.002 
%ofFSR 


OUTPUT 
Voltage: Positive 
RL = 10kU 
(V+)-1.4 
(V+)-0.9 
V 
Negative 
RL = 10kU 
(V-) + 1.4 
(V-) + 0.9 
V 
Load Capacitance 
Stability 
1000 
pF 
Short-Circuit 
Current 
+61-15 
mA 


FREQUENCY 
RESPONSE 


Bandwidth, -.'ldB 
G = 100 
200 
kHz 
G: 
10 
1 
MHz 
Slew Rate 
Vo=±10V,G=10 
4 
V/~ 
Settling Time, 0.01% 
Vo=±5V,G=100 
9 
~ 
G -10 
7 
~ 
Overload Recovery 
50% Overdrive 
4 
~ 


POWER SUPPLY 
Voltage Range 
±2.25 
±15 
±18 
V 
Current, Total 
V,N= 
OV 
±750 
±800 
~ 


TEMPERATURE 
RANGE 


Specification 
-40 
85 
'c 
Operating 
-40 
125 
'c 
6JA 
8-Pin DIP 
80 
'CIVV 
SO-8S0IC 
150 
'CIVV 


• Specification 
same as INAI41P, 
U. 


NOTE: (1) Input common-mode 
range varies with output voltage-see 
typical curves. (2) Guaranteed 
by wafer test. 


Th9 information provided 
h9rein is beli9Ved to be reliablo; however. BURR·BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
J 
5 
Ref 
2 
V,N 
6 
Va 


3 
V+1N 
7 
V+ 


4 
V- 
8 
J 


MILS (0.001") 
MILLIMETERS 


Die Size 
128x76±5 
3.05 x 1.78 ±0.13 


Die Thickness 
14±3 
0.36±0.08 


Min. Pad Size 
4x4 
0.1 xO.l 


Backing 
Gold 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


6 
Va 


5 
Ref 


Supply Voltage 
. 
±18V 
Analog Input Voltage Range 
±40V 


Output 
Short-Circuit 
(to ground) 
Continuous 
Operating 
Temperature 
. 
-40°C 
to +125°C 


Storage 
Temperature.. 
. 
-40°C 
to +125°C 


Junction 
Temperature. 
. 
+150°C 


Lead Temperature 
(soldering, 
105) 
+300°C 


PACKAGE 
DRAWING 
TEMPERATURE 


MODEL 
PACKAGE 
NUMBER!') 
RANGE 


INA141PA 
8-Pin Plastic DIP 
006 
-40·C 
to +85·C 
INA141P 
8-Pin Plastic DIP 
006 
-40·C 
to +85·C 


iNA141UA 
SO-8Surtace-Mount 
182 
-40·C 
to +85·C 


INA141U 
80-8 
Surface-Mount 
182 
-40·C 
to +85·C 
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GAIN YS FREQUENCY 
60 


50 


40 


10 
30 
~ 
20 
c 
'0; 
G=10VN 
Cl 
10 


-10 


-20 
1k 
10k 
100k 
1M 
10M 


Frequency (Hz) 


G'= \bb~~ 
r- 


'. 
f-- 


,.Q = 10VN :-- 
....... 


f-- 
f-- 


....... 
........ 


f-- 
- 
f-- 


........ 
i"- 
f-- 
- 
f-- 


f-- 
- 
b 


f-- 
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f-- 


'- 
- 
'- 


10 120 
~ 
:5 
100 
~£ 
80 


Q) 
"8 
~ 
60 


~ 
40 
Eoo 
20 


r- 
r- 
- 
f= 
r:::: 
- 
f- 
f-- 
~ 
- 
....... 
G= 100VN 
f-- 
f-- 
- 
2 


....... 


f-- 
f-- 


G= 10V~ 


....... 
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f-- 
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- 
;:::: 


r- 
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- 
- 
- 


- 
'- 
- 
- 
- 


140 


120 
CD~ 100 
c 
.~ 
80 
.;;; 
a:~ 
~ 
60 
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40 


20 


r- 
- 


~ 


f- 
= 
f-- 
....... 
~ 
::- 
f-- 
- 
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f-- 


f-- 
- 
....•.• 


i': 


f-- 
- 
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- 
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- 
f-- 
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- 
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'- 
- 
'- 


CD 


~ 
100I80 
~ 
8: 
60 
ellI 40 


20 


lk 
10k 


Frequency (Hz) 


1k 
10k 


Frequency (Hz) 


INPUT COMMON-MODE 
RANGE 


YS OUTPUT VOLTAGE, 
Vs = ±15V 
15 


~ 
10 
~ 
Q) 
Q) 
0> 
0> 
ll! 
ll! 
0 
0 
> 
> 
Q) 
Q) 
"8 
'0 
0 
~ 
::;c 
0 
-5 
0 
E 
E 
E 
E 
0 
0 
0 -10 
0 


-10 
-5 
0 
5 
10 
15 


Output Voltage (V) 


I 
I 
" 
_J 
, 
- 
......•.....• 
...-- 


Vs - +5V 
--- 
Vs=±2.5V 


-1 


-2 


-3 


-4 


-5 


-5 
-4 
-3 
-2 
-1 
0 
1 


Output Voltage (V) 
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lk 
l¥ 
:>.s 


.~ 
100 
z 


<I> 
~ 
g 


~ 
10 


'*a;! 


100 


Frequency (Hz) 


5 


4 


3 
1 2 


E 
~ 
() -1 


~ 
-2 


-3 


-4 


-5 


-50 
-40 
-30 
-20 
-10 
0 
10 
20 
30 
40 
50 


Input Vo~age (V) 


100 
l¥ 
~ 
~ 
10 
5: 
E 
·0 
~ 
z 
E 
() 
~ 
E 
::> 
<I> 


() 
~ 
l(l 
<I> 


a; 
8 


::>~ 


(V+) 


(V+)-1l.4 


~ 


(V+)-1l.8 


<I> 
(V+)-1.2 
0> 
.!ll 
"5> 


::> 
(V+)+1.2 
% 
0 
(V-)+0.8 


(V-)+0.4 
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TYPICAL PERFORMANCE CURVES (CO NT) 


5% (V-)+0.8 
o 


+ 5· 
851·C 


-40· 
, 
IRll= ;Okn 
, 


I 
25· 


I 
-40·C 


I 
+85·C 
+8 • 
-40·C/I/ 


I 
IV-V" 


I t--t- 


10 
15 


Power Supply Voltage (V) 


30 
0: 
Co 


25 
~ 
"~ 
20 
"0> 
"~ 
15 
6 


""'" 
10 
" 
"- 
~" 
"- 


G-101oo 


1\\ 


•.... 


0.1 
lz+0I•... 


0.01 


100k 


Frequency (Hz) 


18 


16 
114 
c: 12 
~ 
<310 


-- 
...... 
--- ...::!..sc 
I':::: 
-r-- 


:;:k;:-- I-- 


.~ 


(3tofj, 
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Dashed 
Portion 


is noise limited. 
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Figure I shows the basic connections 
required for operation 
of the INAI41. 
Applications 
with noisy or high impedance 
power supplies may require decoupling 
capacitors 
close to 
the device pins as shown. 


The output is referred to the output reference (Ref) terminal 
which is normally grounded. This must be a low-impedance 
connection to assure good common-mode 
rejection. A resis- 
tance of 8Q in series with the Ref pin will cause a typical 
device to degrade to approximately 
80dB CMR (G = 1). 


Gain is selected 
with a jumper 
connection 
as shown 
in 
Figure 
1. G = 10VN 
with no jumper 
installed. 
With 
a 
jumper 
installed, 
G = looVN. 
To preserve 
good 
gain 


accuracy, 
this jumper 
must have low series resistance. 
A 
resistance of O.sQ in series with the jumper will decrease the 
gain by 0.1 %. 


Internal resistor ratios are laser trimmed to assure excellent 
gain accuracy. 
Actual resistor values can vary by approxi- 
mately ±25'1'0from the nominal values shown. 


G= 10 


(no connection) 
: 


or 
: 
G = 100 
: 
(connect jumper) , 


5050n 


252n 


Gains between 10 and 100 can be achieved by connecting 
an 
external 
resistor 
to the jumper 
pins. 
This is not recom- 
mended, 
however, 
because 
the ±25'1'0 variation 
of internal 
resistor 
values 
makes 
the required 
external 
resistor 
value 


uncertain. A companion model, INA 128, features accurately 
trimmed internal resistors so that gains from I to 10,000 can 
be set with an external resistor. 


DYNAMIC 
PERFORMANCE 


The typical performance 
curve "Gain vs Frequency" 
shows 


that, despite its low quiescent current, the INAI41 
achieves 


wide bandwidth, 
even at G = 100. This is due to the current- 
feedback 
topology 
of the INAI41. 
Settling 
time also re- 


mains excellent 
at G = 100. 


NOISE PERFORMANCE 


The INAI41 
provides very low noise in most applications. 
Low frequency 
noise is approximately 
0.2IJ.Vp-p measured 
from 0.1 to 10Hz (G = 100). This provides 
dramatically 


improved noise when compared to state-of-the-art 
chopper- 


stabilized 
amplifiers. 


BURR· 
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offset voltage 
drift. Most applications 
require 
no e:~ternal 
offset adjustment. 
Figure 
2 shows an optional 
circuit for 
trimming 
the output offset voltage. The voltage applied to 
Ref terminal is summed with the output. The op amp buffer 
provides low impedance at the Ref terminal to preserve good 
common-mode 
rejection. 


INPUT BIAS CURRENT 
RETURN 
PATH 


The input impedance 
of the INAI41 
is extremely 
high- 
approximately 
101012. However, a path must be provided for 
the input bias current of both inputs. This input bias current 
is approximately 
±2nA. High input impedance 
means that 
this input bias current changes very little with varying input 
voltage. 


Input circuitry must provide a path for this input bias current 
for proper operation. 
Figure 3 shows various provisions 
for 


an input bias current path. Without a bias current path, the 
inputs will float to a potential which exceeds the common- 
mode range of the INAI41 
and the input amplifiers 
will 
saturate. 


If the differential 
source resistance 
is low, the bias current 
return path can be connected 
to one input (see the thermo- 


couple example in Figure 3). With higher source impedance, 
using two equal resistors 
provides 
a balanced 
input with 
possible advantages 
of lower input offset voltage due to bias 
current and better high-frequency 
common-mode 
rejection. 


INPUT COMMON-MODE 
RANGE 


The linear input voltage range of the input circuitry of the 
INAl41 
is from 
approximately 
IAV 
below 
the positive 


supply 
voltage 
to 1.7V above 
the negative 
supply. 
As a 
differential 
input voltage causes the output voltage 
to in- 


crease, however, the linear input range will be limited by the 
output voltage swing of amplifiers 
AI and A2• So the linear 
common-mode 
input range is related to the output voltage of 
the complete amplifier. This behavior also depends on sup- 
ply voltage-see 
performance 
curves "Input Common-Mode 
Range vs Output Voltage". 


FIGURE 3. Providing an Input Common-Mode 
Current Path. 


Input overload can produce an output voltage that appears 
normal. For example, 
if an input overload 
condition 
drives 


both input amplifiers to their positive output swing limit, the 
difference 
voltage measured by the output amplifier will be 


near zero. The output of the INA 141 will be near OV even 
though both inputs are overloaded. 


LOW VOLTAGE 
OPERATION 


The INAI41 
can be operated 
on power supplies 
as low as 


±2.25V. Performance 
remains excellent with power supplies 


ranging from ±2.25V to ±18V. Most parameters 
vary only 


slightly 
through 
this 
supply 
voltage 
range-see 
Typical 
Performance 
Curves. Operation 
at very low supply voltage 


requires 
careful attention 
to assure that the input voltages 


remain 
within 
their linear 
range. 
Voltage 
swing require- 
ments of internal nodes limit the input common-mode 
range 


with low power supply voltage. Typical performance 
curves, 


"Input Common-Mode 
Range vs Output Voltage" 
show the 


range of linear operation for ±15V, ±5, and ±2.5V supplies. 


INPUT PROTECTION 


The inputs 
of the INAI41 
are individually 
protected 
for 
voltages up to ±40V. For example, 
a condition 
of -40V on 
one input 
and +40V 
on the other 
input 
will not cause 


damage. Internal circuitry on each input provides low series 
impedance 
under 
normal 
signal 
conditions. 
To provide 


equivalent protection, series input resistors would contribute 
excessive 
noise. If the input is overloaded, 
the protection 


circuitry limits the input current to a safe value of approxi- 
mately 
1.5 to 5mA. The typical performance 
curve "input 


Bias Current vs Common-Mode 
Input Voltage" 
shows this 


input current limit behavior. The inputs are protected even if 
the power supplies are disconnected 
or turned off. 
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/ 
;-3d6= 
~C 
1 
, 


= 1.59Hz 


SEEBECK 


ISA 
COEFFICIENT 
TYPE 
MATERIAL 
(~VI'C) 
R1,R2 


E 
+ Chromel 
58.5 
66.5k!l 
- Constantan 
J 
+ Iron 
50.2 
76.8k!l 
- Constantan 


K 
+ Chromel 
39.4 
97.6k!l 


-Alumal 


T 
+ Copper 
38.0 
102k!l 
- Constantan 


FIGURE 
7. Thermocouple 
Amplifier 
With 
RTD 
Cold- 
Junction Compensation. 


A, 


OPAl77 
OPA131 
OPA602 
OPA128 


18 Error 


±1.5nA 
50pA 
±lpA 
±75fA 


FIGURE 8. Differential 
Voltage to Current Co~y,e.u.e!;'ROWN~ 
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Dual, Low Power 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW OFFSET VOLTAGE: 
50JlV max 


• 
LOW DRIFT: O.5JlVrC 
max 


• 
LOW INPUT BIAS CURRENT: 
5nA max 


• 
HIGH CMR: 120dB min 


• 
INPUTS PROTECTED 
TO ±40V 


• 
WIDE SUPPLY 
RANGE: 
±2.25V to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
700JlA IIA 


• 
16-PIN PLASTIC 
DIP, SOL-16 


The INA2l28 
is a dual. low power, general purpose 
instrumentation 
amplifier offering excellent accuracy. 


Its versatile 
3-op amp design and small size make it 
ideal for a wide range of applications. Current-feedback 
input circuitry provides 
wide bandwidth 
even at high 
gain (200kHz at G = 100). 


A single external resistor sets any gain from 1to 10,000. 
Internal 
input protection 
can withstand 
up to ±40V 
without damage. 


The INA2l28 
is laser trimmed 
for very low offset 
voltage (50flV), drift (0.5flVt'q 
and high common- 
mode rejection 
(120dB at G ~ 100). It operates 
with 
power supplies as low as ±2.25V, and quiescent current 
is only 700flA per lA-ideal 
for battery operated 
and 
multiple-channel 
systems. 


The INA2l28 
is available 
in l6-pin plastic DIP, and 
SOL-16 
surface-mount 
packages, 
specified 
for the 


-40°C 
to +85°C temperature 
range. 


• 
SENSOR 
AMPLIFIER 
THERMOCOUPLE, 
RTD, BRIDGE 


• 
MEDICAL 
INSTRUMENTATION 


• 
MULTIPLE-CHANNEL 
SYSTEMS 


• 
BATTERY 
OPERATED 
EQUIPMENT 


BURR-BROWNe 
u3~1 


INA2128P, 
U 
INA2128PA, 
UA 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 


±25±100IG 
'±125±1000IG 
Offset Voltage, RTI 
Initial 
TA=+25°C 
±10±100IG 
±50±500IG 
"V 


V$ Temperature 
TA""TMINtoTMA)( 
±0.2± 
21G 
±0.5±20IG 
±0.2±5IG 
±1 ±201G 
"vrc 
vs Power Supply 
Vs:±2.25Vto±18V 
±0.2±20IG 
±1 ±1001G 
±2±200IG 
"VN 


Long-Term Stability 
±0.1 ±31G 
"Vlmo 
Impedance, Differential 
1010 112 
nil 
pF 
Common· Mode 
10"119 
nil 
pF 
Common-Mode 
Voltage Rangel1) 
Vo: 
OV 
(V+)-2 
(V+)-1.4 
V 
(V-) + 2 
(V-) + 1.7 
V 


Safe Input Voltage 
±40 
V 


Common-Mode 
Rejection 
VCM = ±13V, dRs.lkn 
G.l 
80 
86 
73 
dB 
G=10 
100 
106 
93 
dB 
G:l00 
120 
125 
110 
dB 
G.l000 
120 
130 
110 
dB 


BIAS CURRENT 
±2 
±5 
±10 
nA 


V$ Temperature 
±30 
pArC 


Offset Current 
±1 
±5 
±10 
nA 


V$ Temperature 
±30 
pArC 


NOISE VOLTAGE, 
RT! 
G = 1000, Rs' 
on 
nVl,JHz 
f = 10Hz 
10 
f = 100Hz 
8 
nVl,JHz 


1= 1kHz 
8 
nVl,JHz 


1.=0.lHztol0Hz 
0.2 
"Vp-p 
Noise Current 
1.10Hz 
0.9 
pAi,JHz 


1:1 kHz 
0.3 
pAi,JHz 
lB' O.lHz to 10Hz 
30 
pAp-p 


GAIN 
Gain Equation 
1 + (50kntR,,) 
VN 


Range of Gain 
1 
10000 
VN 


Gain Error 
G=l 
±0.01 
±0.024 
±0.1 
% 


G=10 
±0.02 
±D.4 
±0.5 
% 


G=100 
±0.05 
±D.5 
±0.7 
% 


G.l000 
±0.5 
±1 
±2 
% 


Gain vs Temperature(2) 
G=1 
±1 
±10 
ppml'C 
50kn 
Resistance(2. 3) 
±25 
±100 
ppmrc 
Nonlinearity 
Vo: 
±13.6V, G=l 
±O.OOOl 
±0.001 
±0.OO2 
%ofFSR 
G=10 
±0.OOO3 
±0.OO2 
±0.004 
%ofFSR 
G.l00 
±0.OOO5 
±0.OO2 
±0.004 
%ofFSR 
G=1000 
±O.OOl 
(Note 4) 
%01 FSR 


OUTPUT 
Voltage: Positive 
RL: 
10kn 
(V+)-1.4 
(V+) -0.9 
V 


Negative 
RL = 10kn 
(V-) + 1.4 
(V-) + 0.8 
V 


Load Capacitance 
Stability 
1000 
pF 
Short-Circuit 
Current 
+61-15 
mA 


FREQUENCY 
RESPONSE 


Bandwidth, -3dB 
G.l 
1.3 
MHz 
G=10 
700 
kHz 
G=100 
200 
kHz 
G=1000 
20 
kHz 
Slew Rate 
Vo - ±10V, G.l0 
4 
VI"s 


Settling Time. 0.01% 
G=1 
7 
"s 


G=10 
7 
"S 
G=100 
9 
"s 


G.l000 
80 
"S 
Overload Recovery 
50% Overdrive 
4 
"s 


POWER SUPPLY 
Voltage Range 
±2.25 
±15 
±18 
V 
Current, Total 
V,N·OV 
±1.4 
±1.5 
mA 


TEMPERATURE 
RANGE 
Specification 
-40 
85 
'C 


Operating 
-40 
125 
'c 


8JA 
80 
'CIW 


* Specification 
same as INA2128P. U. 
NOTE: (1) Input common-mode 
range varies with output voltage-see 
typical curves. (2) Guaranteed by wafer test. (3) Temperature 
coefficient of the "SOkn" term in 
the gain equation. (4) Nonlinearity 
measurements 
in G:: 
1000 are dominated by noise. Typical nonlinearity is ±O.001%. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR·BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
V1NA 
9 
V+ 
2 
V1NA 
10 
Senses 
3 
RGA 
11 
Voe 


4 
RGA 
12 
Refe 
5 
Ref. 
13 
RGe 


6 
Yo. 
14 
RGe 


7 
SensBA 
15 
VI~B 
8 
V- 
16 
ViNe 


NC = No Connection. 
NOTES: (1) Connect both indicated pads. 
Substrate 
Bias: Internally connected to V- power supply. 


MilS 
(0.001 


00 
) 
MilLIMETERS 


Die Size 
163x 130±5 
4.14x3.30±0.13 


Die Thickness 
18±3 
0.45±0.08 


Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
Gold 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications. 


PACKAGE 
DRAWING 
TEMPERATURE 
MODEL 
PACKAGE 
NUMBER(') 
RANGE 


INA2128PA 
16-Pin Plastic DIP 
180 
-40"C 
to +85"C 
INA2128P 
16-Pin Plastic DIP 
180 
-40'C 
to +85'C 


INA2128UA 
SOl-16 
Surtace-Mount 
211 
-40'C 
10 +85"C 
INA2128U 
SOl-16 
Surtace-Mounl 
211 
-40'C 
10 +85"C 


Supply Voltage 
±18V 
Analog Input Voltage Range 
±40V 
Output 
Short-Circuit 
(to ground)... 
. 
Continuous 
Operating Temperature 
-40°C 
to +125°C 
Storage Temperature 
-40°C 
to +125°C 


Junction 
Temperature.. 
. 
+150°C 


Lead Temperature (soldering, 10s) 
+300°C 
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TYPICAL PERFORMANCE CURVES 


GAIN vs FREQUENCY 
60 


50 


40 


_ 
30 
lD 
"0 
~ 
20 


'n; 
Cl 
10 


-10 


-20 
lk 
10k 
lOOk 
1M 
10M 


Frequency (Hz) 


140 


120 
CD 
:!!. 


100 
~'" 
80 
a:t 
60 


VJI 


40 


20 


0 
10 
100 
lk 
10k 
100k 
1M 


Frequency (HZ) 


~ 
10 


G> 
~f; 
'8 
0 
~g 
-5 
Eo0_10 


-5 
0 
5 


Output Voltage (V) 


CD 120 
:!!. 
c: 
100 
0 
U 
G= 1VN 
G>'" 
80 
0: 


G> 
"0 
0 
60 
~ 
0 
40 
E 
E00 
20 


1k 
10k 


Frequency (Hz) 


4 
~ 


G> 
'" 
.l!l 
0> 


G> 
0 
'8 
~ 
-1 


0 
E 
-2 
E 
0 ~ 
0 


-4 


- 
_Gr~10 
~110- - 


G=1 1-- 
•.......•• G=1 
- 


G~10 
- 
I 
~ 
, ,~ 
~~ 
" 
G=1 
~J 
, 
-.. 


•.......•• 
/ 


Vs 
±5V -- 
--- 
Vs = ±2,5V 


-5 
-5 
-4 
~ 
-2 
-1 
0 
1 


Output Voltage (V) 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CO NT) 


CROSSTALKvsFREQUENCY 
INPUT- REFERRED 
NOISE vs FREQUENCY 


140 
- 
- 


~ 


1k 
G = 1000VN 
G = 100VN 


120 
- 
- 


Gim~ 
~ 
100 
- 
- 
a> 


CD 
G-WN 
:::: 


"5 
100 
~ 
....• 
G: 
1000VN 
z 


-" 
80 l- 
I- 
a> 
G = 100VN 
0> 
n; 
~ 
41! 
1Z 
60 f--- 
f--- 
:::: 
0 
e 
> 
0 
- 
I 


10 
40 l- 
I- 
- 
- 


- j 
- 
a: 
20 l- 
I- 
3 


l- 
I- 
- 
- 
~ 


0 


10 
100 
lk 
10k 
lOOk 
1M 
10 
100 
lk 


Frequency (Hz) 
Frequency (Hz) 


100 


~ 
a> 
E 
;:: 
10 


g> 
E 
c1l 


_0.010/. 


YA' 
h 
:%1. I 


0.1% 


5 


4 


3 


;; 2 
.s 
E 
1 


~ 
0 
~ -1!-2 


-3 


--4 


-5 


-50 
--40 
-30 
-20 
-10 
0 
10 
20 
30 
40 
50 


Input Vonage (V) 


QUIESCENT 
CURRENT and SLEW RATE 
vs TEMPERATURE 
1.7 
6 


~ 


1.6 
5 


U> 
E 
~ 
§ 
1.5 
4 


0 
* 


E 
a: 


a> 
1.4 
;0 
~ 
a> 


a 


(ij 


1.3 
2 


10 


8 
~ 
6 


a> 
4 
0>" 
jg 
2 
0 
a> 
0 
N 
-2 
<5> 


~ 


--4 
~ 
~ 


T 
I 


-- ~ 


..••.. 
----t- 
~ 


- f---- ..•••••••L---- 
- / 
I 
T 
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100 


~ 
~ 


10 
5l·0z 
"~" 
CO 
0~ N 
iIi 
T"" 
S 
N 
~ 
<tz•• 


INPUT BIAS CURRENT vs TEMPERATURE 


2 
(V+) 


(V+~.4 


~ 
~ 
(V+)-Q.8 


<= 
<D 
(V+)-1.2 
~ 


C> 
jg 


<.l 
0 
0 
'" 
> 


'" 
" 
iii 
% 


(V+)+1.2 
" 
Typical I. and los 
0 
~-1 
Range ±2nA at 25°C 
(V-)+0.8 


(V-)+O.4 


V+ 


(V+)-Q.4 


~ 


C> 
(V+~.8 


<=.~ 
<J) 
(V+)-1.2 
<D 
C> 
jg 


(V-)+1.2 
0>:; 
0. 
(V-)+0.8 
<3 


(V-)+O.4 


25 
50 


Temperature 
(·C) 


I 
I 


+ 5· 
-185 


1·c 


, 


O· 


IRLI:~OIill 


I 
25· 


I 
-40·C 


+85·C 
+8;;· 


~ 


30 


0: 
0. 


25 
G 


<D 
C> 
l!! 
20 
<5> 
"% 
15 
0~ 
10 
<D 
0.. 
~ 
5 
g: 
0.. 


G 
10 100 


I 
III 


G: 
1- 
"'\b Jdo~ 


1\ 


\\ 


....... 


1'- 


10k 
lOOk 


Frequency (Hz) 


- 
~ 
, 


./ 
1./ 


2 


Oulput Current (mA) 
- 
-- 
Ise 


/ 
"- 


-r-- 
--t--- 
+Isc 


;<-.s 12 


<= 
~ 
10 
<.l 8 


.~ 
o 
6 


~ 
4 
<J) 


2 


o 
-75 
-50 
-25 


z+o 
:I: 
>- 


0.01 


1k 
10k 


Frequency (Hz) 
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APPLICATION INFORMATION 


Figure I shows the basic connections 
required for operation 


of the INA2128. Applications 
with noisy or high impedance 


power supplies may require decoupling 
capacitors 
close to 
the device pins as shown. 


The output is referred to the output reference (Ref) terminals 
(Ref A and Ref B) which are normally grounded. 
These must 
be low-impedance 
connections 
to assure 
good common- 


mode rejection. A resistance 
of 80 in series with a Ref pin 


will cause 
a typical 
device 
to degrade 
to approximately 
80dB CMR (G = I). 


The INA2128 has a separate output sense feedback connec- 
tions SenseA 
and SenseB' These must be connected 
to their 


respective 
output terminals for proper operation. The output 


sense connection 
can be used to sense the output voltage 
directly at the load for best accuracy. 


SETTING 
THE GAIN 


Gain of the INA2128 
is set by connecting 
a single external 
resistor, Ro, connected 
as shown: 


Commonly 
used 
gains 
and resistor 
values 
are shown 
in 


Figure 
1. 


The 50kO term in equation 
I comes from the sum of the two 


Pin numbers 
for 


Channel 
B shown 
in parenthesis. 


-"" 
1 


V,N 


DESIRED 
RG 
NEAREST 
1% RG 
GAIN 
(n) 
(n) 


1 
NC 
NC 


2 
50.00k 
49.9k 
5 
12.50k 
12.4k 
10 
5.556k 
5.62k 
20 
2.632k 
2.61k 
50 
1.02k 
1.02k 
100 
505.1 
511 
200 
251.3 
249 


500 
100.2 
100 


1000 
50.05 
49.9 
2000 
25.01 
24.9 


5000 
10.00 
10 


10000 
5.001 
4.99 


internal 
feedback 
resistors 
of A I and A2. 
These 
on-chip 
metal film resistors 
are laser trimmed 
to accurate 
absolute 


values. The accuracy 
and temperature 
coefficient 
of these 


resistors are included in the gain accuracy and drift specifi- 
cations of the INA2128. 


The 
stability 
and temperature 
drift 
of the external 
gain 


setting resistor, Ro, also affects gain. Ro's 
contribution 
to 
gain accuracy and drift can be directly inferred from the gain 
equation (I). Low resistor values required for high gain can 
make wiring resistance important. Sockets add to the wiring 
resistance 
which 
will contribute 
additional 
gain error 
in 


gains of approximately 
100 or greater. 


The typical performance 
curve "Gain vs Frequency" 
shows 


that despite its low quiescent current, the INA2128 achieves 
wide bandwidth, 
even at high gain. This is due to its current- 
feedback 
topology. 
Settling time also remains 
excellent 
at 
high gain-see 
"Settling Time vs Gain." 


NOISE PERFORMANCE 


The INA2128 provides very low noise in most applications. 
Low frequency 
noise is approximately 
0.2IJ.Vp-p measured 
from 0.1 to 10Hz (G <: 100). This provides 
dramatically 


improved noise when compared to state-of-the-art 
chopper- 


stabilized 
amplifiers. 


VOEG' (v;'-ViN) 


Gzl 
+ 50kn 


RG 


Ref 
5 


(12) 


NOTE: If channel is unused, 


connect 
inputs to ground, 
sense 
to Va. and leave Ref open-circuit. 
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OFFSET TRIMMING 


The INA2128 
is laser trimmed 
for low offset voltage and 
offset voltage 
drift. Most applications 
require 
no external 
offset adjustment. 
Figure 
2 shows an optional 
circuit 
for 
trimming 
the output offset voltage. The voltage applied to 
Ref terminal is summed with the output. The op amp buffer 
provides low impedance at the Ref terminal to preserve good 
common-mode 
rejection. 


-1~:: 
--rFor 
other 
channel) 


loon 


INPUT BIAS CURRENT 
RETURN 
PATH 


The input impedance 
of the INA2128 
is extremely 
high- 
approximately 
10100. However, a path must be provided for 
the input bias current of both inputs. This input bias current 
is approximately 
±2nA. High input impedance 
means that 
this input bias current changes very little with varying input 
voltage. 


Input circuitry must provide a path for this input bias current 
for proper operation. 
Figure 3 shows various provisions 
for 
an input bias current path. Without 
a bias current path, the 
inputs will float to a potential which exceeds the common- 
mode range of the INA2128 
and the input amplifiers 
will 
saturate. 


If the differential 
source resistance 
is low, the bias current 
return path can be connected 
to one input (see the thermo- 
couple example in Figure 3). With higher source impedance, 
using 
two equal 
resistors 
provides 
a balanced 
input with 
possible advantages 
of lower input offset voltage due to bias 
current and better high-frequency 
common-mode 
rejection. 


INPUT COMMON-MODE 
RANGE 


The linear input voltage range of the input circuitry of the 
INA2128 
is from approximately 
1.4V below 
the positive 
supply 
voltage 
to 1.7V above 
the negative 
supply. 
As a 
differential 
input voltage causes the output voltage increase, 
however, the linear input range will be limited by the output 


BURR-BROWN<JI 
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Microphone, 
Hydrophone 
etc. 


voltage swing of amplifiers 
AI and A2. So the linear com- 
mon-mode 
input range is related to the output voltage of the 
complete 
amplifier. 
This behavior 
also depends 
on supply 


voltage-see 
performance 
curves 
"Input 
Common-Mode 
Range vs Output Voltage." 


Input-overload 
can produce an output voltage that appears 
normal. For example, 
if an input overload condition 
drives 
both input amplifiers to their positive output swing limit, the 
difference 
voltage measured by the output amplifier will be 
near zero. The output of the INA2128 will be near OV even 
though both inputs are overloaded. 


LOW VOLTAGE 
OPERATION 


The INA2128 can be operated on power supplies as low as 
±2.25V. 
Performance 
remains 
excellent 
with power 
sup- 
plies ranging from ±2.25V to ±18V. Most parameters 
vary 


only 
slightly 
throughout 
this 
supply 
voltage 
range-see 
typical performance 
curves. Operation 
at very low supply 
voltage 
requires 
careful 
attention 
to assure that the input 
voltages 
remain 
within their linear range. 
Voltage 
swing 
requirements 
of internal 
nodes 
limit the input common- 
mode range with low power supply voltage. Typical perfor- 
mance 
curves, 
"Input 
Common-Mode 
Range 
vs Output 
Voltage" show the range oflinear 
operation for ±15V, ±5V, 


and ±2.5V supplies. 


The inputs of the INA2128 
are individually 
protected 
for 


voltages up to ±40V. For example, a condition 
of -40V on 
one input 
and +40V 
on the other 
input 
will not cause 
damage. Internal circuitry on each input provides low series 
impedance 
under 
normal 
signal 
conditions. 
To 
provide 
equivalent protection, 
series input resistors would contribute 
excessive 
noise. If the input is overloaded, 
the protection 
circuitry limits the input current to a safe value of approxi- 
mately 
1.5 to 5mA. The typical performance 
curve "Input 
Bias Current vs Common-Mode 
Input Voltage" 
shows this 
input current limit behavior. The inputs are protected even if 
the power supplies are disconnected 
or turned off. 


The two channels of the INA2128 
are completely 
indepen- 
dent, including all bias circuitry. At DC and low frequency 
there 
is virtually 
no signal 
coupling 
between 
channels. 


Crosstalk 
increases 
with frequency 
and is dependent 
on 
circuit gain, source impedance 
and signal characteristics. 


As source impedance 
increases, 
careful circuit layout will 
help achieve 
lowest channel 
crosstalk. 
Most crossstalk 
is 
produced by capacitive coupling of signals from one channel 
to the input 
section 
of the other 
channel. 
To 
minimize 
coupling, 
separate 
the input traces as far as practical 
from 
any signals associated with the opposite channel. A grounded 
guard trace surrounding 
the inputs helps reduce stray cou- 
pling between channels. 
Run the differential 
inputs of each 
channel parallel to each other or directly adjacent on top and 
bottom side of a circuit board. Stray coupling then tends to 
produce 
a common-mode 
signal which is rejected 
by the 
lA's input. 


NOTE: Due to the INA2128's current-feedback 
topology, 
Vo is approximately 
O.7V less than 
the common-mode 
input voltage. 
This DC offset 
in this guard potential 
is satisfactory 
for many 
guarding 
applications. 
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Dual, Low Power, G = 10, 100 
INSTRUMENTATION 
AMPLIFIER 


• 
LOW OFFSET VOLTAGE: 
50llV max 


• 
LOW DRIFT: 0.5IlVl"C 
max 


• 
EXCELLENT 
GAIN ACCURACY: 
±O.05% max at G = 10 


• 
LOW INPUT BIAS CURRENT: 
5nA max 


• 
HIGH CMR: 117dB min (G = 100) 


• 
INPUTS PROTECTED 
TO ±40V 


• 
WIDE SUPPLY 
RANGE: ±2.25V to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
750j.lA/lA 


• 
16-PIN PLASTIC DIP, SOL-16 


The INA2141 
is a low power, 
dual instrumentation 
amplifier 
offering 
excellent 
accuracy. 
Its versatile 
3-op amp design 
and small size make it ideal for a 


wide range of applications. 
Current-feedback 
input 
circuitry 
provides 
wide bandwidth 
even at high gain 
(200kHz 
at G = 100). 


Simple pin connections 
set an accurate gain of 10 or 


100VN without external resistors. Internal input pro- 
tection can withstand 
up to ±40V without damage. 


The INA2141 
is laser trimmed 
for very low offset 
voltage (50IN), drift (0.5IlV/°C) 
and high common- 
mode rejection 
(ll7dB 
at G = 100). It operates 
with 
power supplies as low as ±2.25V, and quiescent 
cur- 
rent is only 750jlA per amplifier-ideal 
for battery 


operated 
systems. 


Packages 
are 
16-pin 
plastic 
DIP, 
and 
SOL-16 


surface-mount, 
specified 
for the -40°C 
to +85°C 


temperature 
range. 


• 
SENSOR 
AMPLIFIER 
THERMOCOUPLE, 
RTD, BRIDGE 


• 
MEDICAL 
INSTRUMENTATION 


• 
MULTIPLE 
CHANNEL 
SYSTEMS 


G = 10 
or 
100 


G = 10 
or 
100 
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SPECIFICATIONS 


INA2141P, 
U 
INA2141PA, 
UA 


PARAMETER 
CONOmONS 
MtN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, RTI 
G: 
100 
±20 
±50 
±125 
~V 


G = 10 
±50 
±100 
±250 
~V 
vs Temperature 
G= 100 
±0.2 
±O.5 
±1.5 
~V/oC 


G = 10121 
±0.5 
±2 
±5 
~vrc 


vs Power Supply 
Vs = ±2.25 to ±18V, G = 100 
±1 
±2 
±5 
~VN 


G= 10 
±2 
±10 
- 
±20 
~VN 


Long-Term Stability 
G= 
100 
0.2 
Ij 


~Vlmo 


G= 10 
0.5 
~Vlmo 
Impedance, 
Differential 
10'0112 
011 pF 
Common-Mode 
10'0119 
011 pF 


Common-Mode 
Vottage Range(1) 
Vo = OV 
(V+)-2 
(V+)-1.4 
I' 
V 


(V-) + 2 
(V-) + 1.7 
V 


Sale Input Vohage 
±40 
V 


Common-Mode 
Rejection 
VCM = ±13V, dRs = 11<0 
G= 100 
117 
125 
110 
120 
dB 
G= 10 
97 
106 
93 
100 
dB 


BIAS CURRENT 
±2 
±5 
±10 
nA 
vs Temperature 
±30 
pAl"C 


Offset Current 
±1 
±5 
±10 
nA 


vs Temperature 
±30 
pAl"C 


NOISE VOLTAGE, 
RTI 


nVl.JHz 
I = 10Hz 
G=100,Rs=OO 
10 
I = 100Hz 
8 
nVl.JHz 


I = 1kHz 
8 
nVl.JHz 
1.=0.lHzlol0Hz 
0.2 
~0~ 
1= 10Hz 
G = 10, Rs =00 
22 
I = 100Hz 
13 
nV/.JHz 
I = 1kHz 
12 
nVl.JHz 
I. = O.lHz to 10Hz 
0.6 
~Vp-p 
Noise Current 
pAl.JHz 
f = 10Hz 
0.9 
I = 1kHz 
0.3 
pAl.JHz 
1.=0.lHztol0Hz 
30 
pAp-p 


GAIN 
Gain Error 
Vo=±13.6V,G=100 
±O.03 
±0.075 
±0.15 
% 


G= 10 
±O.Ol 
±0.05 
±0.15 
% 


Gain vs Temperature(2) 
G - 10, 100 
±2 
±10 
ppml"C 


Nonlinearity 
G= 100 
±O.0005 
±0.002 
±0.004 
%otFSR 
G = 10 
±O.0003 
±0.001 
±0.002 
%ofFSR 


OUTPUT 
Voltage: Positive 
Rl = 101<0 
(V+)-1.4 
(V+) -0.9 
V 
Negative 
Rl = 101<0 
(V-) + 1.4 
(V-) + 0.9 
V 
load Capacitance 
Stability 
1000 
pF 
Short-Circuit 
Current 
+61-15 
mA 


FREQUENCY 
RESPONSE 


Bandwidth, -3dB 
G= 100 
200 
kHz 
G= 10 
1 
MHz 
Slew Rate 
Vo=±10V,G=10 
4 
VI~s 


Settling Time. 0.01 % 
Vo=±5V, 
G = 100 
9 
~ 


G= 10 
7 
~ 
Overload Recovery 
50% Overdrive 
4 
~s 


POWER SUPPLY 
Voltage Range 
±2.25 
±15 
±18 
V 
Current, Total 
V,N= OV 
±1.5 
±1.6 
mA 


TEMPERATURE 
RANGE 


Specification 
-40 
85 
°C 


Operating 
-40 
125 
°c 
OJ, 
80 
°CIW 


• Specification 
same as INA2141P. U. 


NOTE: (1) Input common-mode 
range varies with output voltaglr-see 
typical curves. (2) Guaranteed 
by wafer test. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responSibility for the use of this information, and aUuse of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR·BROWN 
product for use in life support devices and/or systems. 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
ViNA 
9A,9Bll} 
V+ 
2 
ViNA 
10 
Sensee 
3 
J. 
11 
Voa 
4 
J. 
12 
Refe 
5 
RefA 
13 
Je 
6 
Va. 
14 
Je 
7 
SensBA 
15 
·VINB 
8 
V- 
16 
-V1NB 


NC = No Connection. 
NOTES: (1) Connect both indicated pads. 
Subelrale 
Bias: Internally connected 
to V- power supply. 


MilS 
(0.001 ") 
MilliMETERS 


Die Size 
163x 130±5 
4.14 x 3.30±0.13 


Die Thickness 
18±3 
0.45±0.08 


Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
Gold 


A 
ELECTROSTATIC 


.B!/;;;. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 


to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications. 


PACKAGE 
DRAWING 
TEMPERATURE 
MODEL 
PACKAGE 
NUMBER!') 
RANGE 


INA2141PA 
16-Pin Plastic DIP 
180 
-40°C 
to +85°C 


INA2141P 
16-Pin Plastic DIP 
180 
-40°C 
to +85°C 


INA2141UA 
SOL-16 Surface-Mount 
211 
-40OC to +85OC 
INA2141U 
SOL·16 Surface-Mount 
211 
-40OC to +85°C 


Supply Voltage 
.. 
±18V 
Anaiog Input Voltage Range 
±40V 
Output 
Short-Circuit 
(to ground) 
Continuous 
Operating Temperature 
",__. -40°C 
to +125°C 
Storage Temperature. 
. 
-40°C 
to +125°C 


Junction 
Temperature 
+ISOGC 


Lead Temperature 
(soldering, 
10s) 
+300°C 


BURR-BROWNe 
11031031 
Burr-Brown Ie Data Book-Linear 
Products 


II 
II 


G.100V 
......r-. 


II 


G = 10VN 
\ 
\ 


1\ 


_ 
30 


CD." 
~ 
20 


.<ii 
(!l 10 


100k 


Frequency (Hz) 


140 


120 
iii" 
:8- 


100 
c 
.2~ 
80 
..•. 
a:t 
60 


<f)! 


40 


20 


0 


10 
100 
1k 
10k 
lOOk 
1M 


Frequency (Hz) 


INPUT COMMON-MODE 
RANGE 
vs OUTPUT VOLTAGE, Vs' 
±15V 
15 


~ 
10 


1l, 


41! 
0> 
<I> 
0 
"8 
~ 
0 
-5 
E 
E 
00 -10 


-10 
-5 
0 
5 
10 
15 


Output Voltage (V) 


iil 120 
~ 
5 
100i 
a: 
80 


~ 
60 
::; 
g 
E 
40 
E8 
20 


iii" 


~100 
180 
!60 
<ilj 
40 


20 


1k 
10k 


Frequency (Hz) 


4 
~ 
3 


<I> 
0> 
2 
g 
"0 
1 
> 
<I> 


0 
"8 
~ 
-1 
0 
E 
-2 
E0 
-3 
0 


-4 


- 
I 
I 
~~ 
-) 
~ 
c........ 


I-- 
V 
Vs = ±5V 
r---..- 
--- 
Vs = ±2.5V 
-5 
-5 
-4 
-.;J 
-2 
-1 
0 
1 
2 


Output Voltage (V) 
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iD 


:; 
80 
~e 
60 
u 


lk 
10k 


Frequency (Hz) 


I! 
1k 


'> 
.S- 


a> 


"is 
100 
z 
a> 
~~I10 


a:3 
Co 
.£ 


100 


Frequency (Hz) 


1.8 


<' 


1.7 
20 


<= 
~ 
1.6 
u 
E 
a> 
1.5 
~ 
8 
1.4 


"' 
4 
~ 
a> 
1ija: 
3 
;< 
a> 
Vi 


2 


5 


4 


3 
<' 
2 
oSi 
:; 
0 
U -1 


~ 
-2 


10 


~ 
a> 
4 
g> 
J!!u 
a> 
0 
C> 
J'! 
-2 
"5> 
~ 


-4 


0 
-6 


-8 


I---+- 
I 
I 


1---- 
I 
G = 100VN 


1--: 
\. 


"'- 


f--r 
L 


-- 
e- 


I-- J 
/ 


I-- 
+-- 
I 


I 
I 


-3 


-4 


-5 
-50 
-40 
-30 
-20 
-10 
0 
10 
20 
30 
40 
50 


Input Voltage (V) 
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For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 


(V+) 


(V+)-{).4 


~ 


(V+)-{).8 


Q) 
(V+)-1.2 
C>~ 
0> 
'5 
(V+)+1.2 
.9- 


<5 
(V-)+0.8 


(V-)+O.4 


I-'- 


/ 


2 


Output Current (mA) 
- 
- 
Iso 
/'" 
" 
-- --- 
f--- 


+Isc 


~ 


0.1 


z+ 
ClIf- 


0.01 


V+ 


(V+)-{).4 
~ 


C> 
(V+)-{).8 
c.~ 
rJJ 
(V+)-1.2 
Q) 
C> 
J!!" 
(V-)+1.2 
> 
'5 
% 
(V-)+0.8 
0 
(V-)+O.4 


+ 5' 
-j85'C 


-40' 


IRL1 = ;Okn 


+25 


0 


I 


-40'C 


+85°C 
+8 ' 
-40'C/I/ 
I 
\JUl/ 
I 


I- 
I 


10 
15 


Power Supply Voltage (V) 


30 
a: 
0- 


25 
~ 


Q) 
C> 
J!! 
20 
" 
> 
'5 
.9- 
15 
<5 
-"'" 
10 
Q)ll- 
B~ 
Q)ll- 


G=10 
100 


1\\ 
" 
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TYPICAL PERFORMANCE CURVES (CONT) 
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Figure I shows the basic connections 
required for operation 
of the INA2141. Applications 
with noisy or high impedance 
power supplies may require decoupling 
capacitors 
close to 
the device pins as shown. 


The output is referred to the output reference (Ref) terminals 
(Ref A and Ref B) which are normally grounded. 
These must 
be low-impedance 
connections 
to assure 
good 
common- 
mode rejection. 
A resistance of 8f! in series with a Ref pin 
will cause 
a typical 
device 
to degrade 
to approximately 


80dB CMR (G = I). 


The INA2141 has a separate output sense feedback connec- 
tions SenseA and SenseB• These must be connected 
to their 
respective output terminals for proper operation. The output 
sense connection 
can be used to sense the output voltage 
directly at the load for best accuracy. 


SETTING 
THE GAIN 


Gain of each IA can be independently 
selected with a jumper 


connection as shown in Figure 1. G = IOYN with no jumper 
installed. With a jumper installed G = lOOYN. To preserve 
good 
gain 
accuracy, 
this jumper 
must 
have 
low 
series 


resistance. 
A resistance 
of 0.5Q in series with the jumper 


will decrease the gain by 0.1 %. 


Pin numbers 
for 


Channel 
B shown 
in parenthesis. 


-'" 
1 
V,N 


G:10VN 
}J 


Open Circuit 
: 


G=100VN 
: 
Connect 
Jumper 


J 


Internal resistor ratios are laser trimmed to assure excellent 
gain accuracy. 
Actual resistor values can vary by approxi- 
mately ±25% from the nominal values shown. 


Gains between 10 and 100 can be achieved by connecting 
an 
external 
resistor 
to the jumper 
pins. This 
is not recom- 
mended, 
however, 
because 
the ±25% variation 
of internal 
resistor 
values 
makes 
the required 
external 
resistor 
value 


uncertain. 
A companion 
model, 
INA2128, 
features 
accu- 
rately 
trimmed 
internal 
resistors 
so that gains 
from 
I to 


10,000 can be set with an external resistor. 


DYNAMIC 
PERFORMANCE 


The typical performance 
curve "Gain vs Frequency" 
shows 


that despite its low quiescent current, the INA2l41 
achieves 


wide bandwidth, 
even at high gain. This is due to its current- 
feedback 
topology. 
Settling time also remains 
excellent 
at 
high gain. 


The INA2141 provides very low noise in most applications. 
Low frequency 
noise is approximately 
0.2JlYp-p measured 
from 0.1 to 10Hz (G = 100). This provides 
dramatically 


improved noise when compared to state-of-the-art 
chopper- 
stabilized amplifiers. 


V+ 


0.1~F 


~ 
9 


7 
Sense 


(10) 


6 
Vo: 
G· 
(Vi:,-V,N) 
(11) 


Load 
Vo 


Ref 
5 


40k!l 
(12) 


NOTE: 
If channel 
is unused. 
Vo 
connect inputs to ground, 
sense 
to Vo• and leave 
Ref open-eircuit. 
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IDe ll~hLHI 
IS laser mmmea 
ror lOWorrset vOltage ana 
offset voltage 
drift. Most applications 
require 
no external 
offset adjustment. 
Figure 
2 shows an optional 
circuit 
for 
trimming 
the output offset voltage. The voltage applied to 
Ref terminal is summed with the output. The op amp buffer 
provides low impedance at the Ref terminal to preserve good 
common-mode 
rejection. 


INPUT BIAS CURRENT 
RETURN 
PATH 


The input impedance 
of the INA2l41 
is extremely 
high- 


approximately 
JOlOn. However, a path must be provided for 
the input bias current of both inputs. This input bias current 
is approximately 
±2nA. 
High input impedance 
means that 
this input bias current changes very little with varying input 
voltage. 


Input circuitry must provide a path for this input bias current 
for proper operation. 
Figure 3 shows various provisions 
for 


an input bias current path. Without 
a bias current path, the 
inputs will float to a potential 
which exceeds the common- 
mode range of the INA2l4l 
and the input amplifiers 
will 
saturate. 


If the differential 
source resistance 
is low, the bias current 
return path can be connected 
to one input (see the thermo- 
couple example in Figure 3). With higher source impedance, 
using two equal resistors 
provides 
a balanced 
input with 
possible advantages 
of lower input offset voltage due to bias 
current and better high-frequency 
common-mode 
rejection. 


The linear input voltage range of the input circuitry 
of the 
INA2141 
is from approximately 
lAV 
below 
the positive 


supply 
voltage 
to 1.7V above 
the negative 
supply. 
As a 
differential 
input voltage 
causes 
the output voltage 
increase. 


however, the linear input range will be limited by the output 
voltage swing of amplifiers 
Al and Az. So the linear com- 
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Microphone, 
Hydrophone 
etc. 


mon-mode input range is related to the output voltage of the 
complete 
amplifier. 
This behavior 
also depends 
on supply 


voltage-see 
performance 
curves 
"Input 
Common-Mode 
Range vs Output Voltage". 


Input -overload can produce an output voltage that appears 
normal. For example, 
if an input overload condition 
drives 


both input amplifiers to their positive output swing limit, the 
difference 
voltage measured by the output amplifier will be 


near zero. The output of the INA2l4l 
will be near OV even 
though both inputs are overloaded. 


LOW VOLTAGE 
OPERATION 


The INA2141 can be operated on power supplies as low as 
±2.25V. 
Performance 
remains 
excellent 
with power 
sup- 
plies ranging from ±2.25V to ±18V. Most parameters 
vary 


only 
slightly 
throughout 
this supply 
voltage 
range-see 


typical performance 
curves. Operation 
at very low supply 


voltage requires 
careful 
attention 
to assure that the input 
voltages 
remain 
within their linear range. 
Voltage 
swing 


requirements 
of internal 
nodes 
limit the input common- 
mode range with low power supply voltage. Typical perfor- 
mance 
curves, 
"Input 
Common-Mode 
Range 
vs Output 
Voltage" show the range of linear operation for ±15V, ±5V, 
and ±2.5V supplies. 


INPUT PROTECTION 


The inputs of the INA2l4l 
are individually 
protected 
for 


voltages up to ±40V. For example, a condition 
of -40V on 
one input 
and +40V 
on the other 
input 
will not cause 
damage. Internal circuitry on each input provides low series 
impedance 
under 
normal 
signal 
conditions. 
To 
provide 
equivalent protection, 
series input resistors would contribute 


excessive 
noise. If the input is overloaded, 
the protection 
circuitry limits the input current to a safe value of approxi- 
mately 
1.5 to 5mA. The typical performance 
curve "Input 
Bias Current vs Common-Mode 
Input Voltage" 
shows this 


input current limit behavior. The inputs are protected even if 
the power supplies are disconnected 
or turned off. 


CHANNEL 
CROSSTALK 


The two channels of the INA2l41 
are completely 
indepen- 
dent, including all bias circuitry. At DC and low frequency 


there 
is virtually 
no signal 
coupling 
between 
channels. 


Crosstalk 
increases 
with frequency 
and is dependent 
on 
circuit gain, source impedance 
and signal characteristics. 


As source impedance 
increases, 
careful circuit layout will 
help achieve 
lowest 
channel 
crosstalk. 
Most crossstalk 
is 


produced by capacitive coupling of signals from one channel 
to the input 
section 
of the other 
channel. 
To minimize 


coupling, 
separate the input traces as far as practical 
from 
any signals associated with the opposite channel. A grounded 
guard trace surrounding 
the inputs helps reduce stray cou- 


pling between channels. 
Run the differential 
inputs of each 
channel parallel to each other or directly adjacent on top and 
bottom side of a circuit board. Stray coupling then tends to 
produce 
a common-mode 
signal which is rejected 
by the 


lA's input. 


BURR· 
BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
IE:IE:~I 


BURR - BROWN® 
IElElI 
ABRIDGED DATA SHEET 


For Complete 
Data Sheet 
Call Fax Line 1-800-548-6133 
Request Document 
Number 10579 


High Speed 
PROGRAMMABLE GAIN AMPLIFIER 


• 
DIGITALLY 
PROGRAMMABLE 
GAIN: 
G = 1, 10, 100 


• 
LOW GAIN 
ERROR: 
0.025% 
max 


• 
FAST SETTLING: 
2.8~ 
to 0.01% 


• 
16-PIN PLASTIC 
AND CERAMIC 
DIP 


The PGA102 is a high speed, digitally programmable- 
gain amplifier. 
CMOSfITL-compatible 
inputs select 
gains of I, 10 or 100VN. 
Each gain has an indepen- 
dent input terminal, 
providing 
an input multiplexer 
function. 


On-chip metal film gain-set resistors are laser-trimmed 
to provide excellent 
gain accuracy. 
High speed input 
circuitry allows multiplexing 
of high speed signals. 


The PGA102 is available in 16-pin plastic and ceramic 
DIP packages. 
Commercial, 
industrial 
and military 
temperature 
range models are available. 


• 
DATA ACQUISITION 
AMPLIFIER 


• 
FIXED-GAIN 
AMPLIFIER 


• 
AUTOMATIC 
GAIN SCALING 


BURR-DROWNiI 
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PGA102AG 
PGA 102BG, SG 
PGA102KP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GAIN 
InaccuracY(') 
RL = 2kn, G = 1 
±O.007 
±0.02 
±0.003 
±0.01 
% 


G = 10 
±0.015 
±0.03 
±0.01 
±0.02 
±0.05 
% 


G = 100 
±0.02 
±0.05 
±0.015 
±0.025 
±O.OS 
% 
vs Temperature 
G = 1 
±0.4 
±5 
ppml"C 


G = 10 
±2 
±7 
ppml"C 


G .100 
±7 
±20 
±9 
ppmJ'C 


Nonlinearity 
RL=2kn,G=1 
0.001 
0.003 
%ofFS 
G = 10 
0.002 
0.005 
%01 FS 


G = 100 
0.003 
0.01 
%of 
FS 


RATED OUTPUT 
Voltage 
RL·2kn 
±10 
±12.5 
V 
Current 
VOUT = 10V 
±5 
±10 
mA 


Short 
Circuit 
Current 
±10 
±25 
mA 


Output Resistance 
0.01 
Q 


Load Capacrtance 
For Stable Operation 
2000 
pF 


INPUT OFFSET VOLTAGE 
Initial(2) 
G.l 
±200 
±500 
±loo 
±250 
±1500 
~V 
G = 10 
HO 
±200 
±50 
±loo 
±6oo 
~V 


G .100 
HO 
±200 
±50 
±100 
±6oo 
~V 
vs Temperature 
G = 1 
±5 
±20 
±7 
±50 
~VI'C 


G = 10 
±1 
±7 
±3 
±10 
~VI'C 


G = 100 
±0.5 
±3 
±2 
±7 
~VI'C 
vs Supply Voltage 
±5 < Vec < ±18V 
G .1 
±30 
±70 
~VN 


G = 10 
±8 
±30 
~VN 


G .100 
±8 
±30 
~VN 


INPUT BIAS CURRENT 
Initial 
TA"" 
+25°C 
±20 
±SO 
nA 
Over Temperature 
TAM1N 
to lAMAX 
±25 
±60 
nA 


ANALOG 
INPUT 
CHARACTERISTICS 
Vottage Range 
Unear Operation 
±10 
±12 
V 


Resistance 
7 X 10" 
Q 
Capacitance 
4 
pF 


INPUT NOISE 
Voltage Noise 
fe• 
O.lHz to 10Hz 
G = 1 
4.5 
~Vp·p 
G .10 
1.5 
~Vp·p 
G = 100 
0.6 
~Vp·p 
Voltage Noise Density 
fa = 1Hz, G = 1 
490 
nVl.JHz 


G .10 
178 
nV/.JHz 


G = 100 
83 
nVl,J'Hz 


fa • 10Hz, G • 1 
155 
nV/.JHz 


G = 10 
56 
nVl,J'Hz 


G .100 
20 
nVl.JHz 


fa = 100Hz, G = 1 
93 
nVl,J'Hz 


G = 100 
31 
nVl.JHz 


G = 100 
18 
nVl,J'Hz 


fa = 1kHz, G = 1 
79 
nVl.JHz 


G = 10 
31 
nVl,J'Hz 


G = 100 
18 
. 
nVl.JHz 


Current Noise 
fe = O.lHz to 10Hz 
76 
. 


p~ 
Current Noise Density 
fa = 1Hz 
8.8 
pAl ~ 


fa = 10Hz 
2.8 
pAl,JHz 


fa = 100Hz 
0.99 
pAl~ 
fa = 1kHz 
0.43 
pAl,JHz 


DYNAMIC 
RESPONSE 


±3dB Bandwidth 
Small Signal, G • 1 
1500 
kHz 


G = 10 
750 
kHz 
G = 100 
250 
kHz 


Full Power Bandwidth 
Vour=±10V, 
RL·2kn 
160 
kHz 


Slew Rate 
Vour- 
±10V Step, 
Rl- 
2kn 
S 
9 
Vi ••••• 
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SPECIFICATIONS (CONT) 


ELECTRICAL 


DYNAMIC 
RESPONSE 
(CONT) 
Settling Time (0.1"10) 
Vour= 
10V Step, G = 1 
G = 10 
G = 100 
Vour' 
10V Step, G = 1 
G = 10 
G = 100 
50% Overdrive, 
G "" 1 
(see Perlormance 
Curve) 


CROSSTALK 
DC 
60Hz 


DIGITAL 
INPUT 
CHARACTERISTICS 
Input "Low" Threshold 
Input ~Low~Current 
Input "High" Threshold 
Input "High" Current 
Logic Threshold 
Control 


Switching Time(4) 


POWER SUPPLY 
Rated Voltage 
Voltage Range 
Quiescent 
Current 


TEMPERATURE 
RANGE 
Specification, 
KP Grade 
AG and BG Grades 
SG Grade 


Operating 
Storage 
Thermal Resistance 


Vour = OV 
No External Load, 


Vour = ±10V 


PGA102AG 


TYP 


PGA102BG 


TYP 


PGA102KP 


TYP 


VLTC+0.8 


1 


VLTC+2 
1 


0.1 
1 


-Vcc 
Vcc - 4 


±15 
±5 
±18 


±2.4 
±3.3 


• Specification 
same as AG grade. 


NOTES: (1) Gain inaccuracy is the percent error between the actual and ideal gain selected. It may be externally adjusted to zero for gains of 10 and 100. (2) Offset 
voltage can be adjusted for anyone 
channel. Adjustment affects temperature 
drift by approximately 
±O.3J,.lVrC 
for each 1DOIlV of offset adjusted. (3) Voltage on the 


logic threshold control pin, VLTC, adjusts the threshold for ·Low" and ·High" logic levels. (4) Total time to settle equals switching time plus settling time of the newly 
selected gain. 


Ttle Information prOVIdedherein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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X10 Select 
16 
+Vcc 


VOUT 


Logic Threshold Control 
NCI') 


Common 
Force 
-Vcc 


Common 
Sense 
Offset Adjust 


V,N, 
(Xl) 
Offset Adjust 


V,N2(X10) 
Gain Adjust (Xl0) 


V,N3 (Xl 00) 
8 
9 
Gain Adjust (Xl 00) 


Power Supply 
±18V 
Input Voltage Range: Analog 
±Vcc 
Digital 
(V.,N 3 - 5.6V) to +Vcc 
Storage Temperature Range: G Package 
-65°C 
to +150°C 
P Package 
-55°C 
to +125°C 
Lead Temperature (soldering, 10s) 
+300°C 
Output 
Short Circuit Duration 
Continuous 
to Common 


Junction 
Temperature: 
G Package 
+175°C 
P Package 
+llO°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


PGA102AG 
16-Pin Hermetic DIP 
109 
PGA102BG 
16-Pin Hermetic DIP 
109 
PGA102SG 
16-Pin 
Hermetic 
DIP 
109 
PGA102KP 
16-Pin Plastic DIP 
180 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


PGA102AG 
16-Pin Hermetic DIP 
-25°C 
to +85°C 
PGA102BG 
f6-Pin Hermetic DIP 
-25°C 
to +85°C 
PGA102SG 
f6-Pin Hermetic DIP 
-55°C 
to +125°C 
PGA102KP 
16-Pin Plastic DIP 
O°C to +70°C 


BURR-BROWN411 
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BURR - BROWN® 
IElElI 


Programmable 
Gain 


AMPLIFIER 


• 
DIGITALLY 
PROGRAMABLE 
GAINS: 
G=1, 10, 100VN 


• 
CM05mL-COMPATIBLE 
INPUTS 


• 
LOW GAIN 
ERROR: 
±O.05% max, G=10 


• 
LOW OFFSET 
VOLTAGE 
DRIFT: 21lVloC 


• 
LOW QUIESCENT 
CURRENT: 
2.6mA 


• 
LOW COST 


• 
8-PIN PLASTIC 
DIP, SO-8 PACKAGES 


• 
DATA ACQUISITION 
SYSTEMS 


• 
GENERAL 
PURPOSE 
ANALOG 
BOARDS 


• 
MEDICAL 
INSTRUMENTATION 


The PGA103 
is a programmable-gain 
amplifier 
for 


general purpose applications. 
Gains of I, 10, or 100 are 
digitally 
selected 
by two CMOStrrL-compatible 
in- 
puts. 
The 
PGA103 
is ideal 
for 
systems 
that 
must 


handle wide dynamic range signals. 


The PGA103's 
high speed circuitry provides 
fast set- 
tling time, even at G=loo 
(81ls to 0.01 %). Bandwidth 
is 250kHz 
at G=loo, 
yet quiescent 
current 
is only 


2.6mA. 
It operates 
from 
±4.5V 
to ±18V 
power 


supplies. 


The PGA103 
is available 
in 8-pin plastic 
DIP and 
SO-8 surface-mount 
packages, specified for the -40°C 
to +85°C temperature 
range. 


GAIN 
A, 
Ao 


1 
0 
0 
10 
0 
1 


100 
1 
0 


BURR - BROWNe 
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For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


ELECTRICAL 


PGA103P, 
U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset 
Voltage, 
RTI 


G: 
1 
T,,= +25°C 
±200 
tl500 
llV 


G = 10 
t100 
±500 
llV 
G: 
100 
t100 
t500 
llV 


VB Temperature 
T,,= TU1N to Tw.x 


G: 
1 
t5 
llVl'C 
G = 10 
±2 
llVrC 


G .100 
±2 
llV/'C 


vs Power Supply 
Vs=t4.5Vto 
t18V 
G: 
1 
30 
70 
llYN 


G = 10 
10 
35 
llYN 


G .100 
10 
35 
llYN 


Impedance 
10'112 
011 pF 


INPUT BIAS CURRENT 
Initial Bias Current 
t50 
t150 
nA 
vs Temperature 
tl00 
pAi'C 


NOISE 
VOLTAGE, 
RTI 
G = 100, Rs : 00 
I = 10Hz 
16 
nVl,fHz 


1= 100Hz 
11 
nVl,fHz 


I = 1kHz 
11 
nVl,fHz 


I,: 
O.lHz to 10Hz 
0.6 
llVp-P 


NOISE 
CURRENT 


I = 10Hz 
2.8 
pAl,fHz 


I = 1kHz 
0.3 
pAl,fHz 


1,= O.lHz to 10Hz 
76 
pAp-p 


GAIN 
Gain Error 
G = 1 
±0.005 
to.02 
% 


G: 
10 
to.02 
to.05 
% 


G = 100 
to.04 
to.2 
% 


Gain vs Temperature 
G = 1 
±2 
ppml'C 
G: 
10 
t10 
ppm/'C 


G = 100 
t30 
ppm/'C 


Nonlinearity 
G = 1 
to.001 
to.003 
%ot FSR 
G = 10 
to.002 
to.005 
% of FSR 
G = 100 
to.004 
to.Ol 
% of FSR 


OUTPUT 
Voltage, Positive 
(V+)-,'J.5 
(V+) -2.5 
V 
Negative 
(V-) +3.5 
(V-) +2.5 
V 


Load Capacitance, 
max 
1000 
pF 
Short-Circuit 
Current 
±25 
mA 


FREQUENCY 
RESPONSE 


Bandwidth, 
-,'JdB 


G = 1 
1.5 
MHz 


G = 10 
750 
kHz 


G = 100 
250 
kHz 


Slew 
Rate 
Vo: 
tl0V 
9 
V/llS 


Settling Time, 0.1% 


G: 
1 
2 
lls 


G = 10 
2.2 
IlS 


G: 
100 
6.5 
llS 


Settling TIme, 0.01 % 


G = 1 
2.5 
IlS 


G = 10 
2.5 
IlS 
G = 100 
8 
IlS 


Overload 
Recovery 
50% Overdrive 
2.5 
IlS 


DIGITAL LOGIC INPUTS 
Digital Low Voltage 
-5.6 
0.8 
V 


Digital Low or High Current 
1 
!1A 
Digital High Voltage 
2 
V+ 
V 


BURR-BROWN* 
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PGA103P, 
U 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
Voijage Range 
±4.5 
±15 
±18 
V 


Current 
V,,: 
OV 
±2.6 
±3.5 
mA 


TEMPERATURE 
RANGE 
Specification 
-40 
+85 
·e 
Operating 
-40 
+125 
·e 
8J,,: P or U Package 
100 
·elW 


A, 


Ground 
3 


PACKAGE 


8-Pin Plastic DIP 
SO-8 Surface-Mount 


TEMPERATURE 
RANGE 


-4o·e 
to +85·e 


-4o·e 
to +85·e 


A ELECTROSTATIC 
~DISCHARGE 
SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


Supply Voltage.. 
. 
±18V 
Analog Input Voltage Range. 
. 
V- to V+ 
Logic Input Voltage Range 
V- to V+ 
Output Short Circuit (to ground) 
Continuous 
Operating Temperature 
-40°C 
to +125°C 
Storage Temperature 
-40°C 
to +125°C 
Junction Temperature 
. 
+150°C 
Lead Temperature 
(soldering,l 
Os) 
+300·e 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


PGA103P 
a-Pin Plastic DIP 
006 


PGA103U 
SO-8 Surface-Mount 
182 


The information provided herein is believed to be reliable; however, BURR· BROWN assumes no responsibility tor inaccuracies or omissions. BUAA·BAOWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR· BROWN product for use in life support devices and/or systems. 
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50 


40 


CD 
30 
:2- 


<= 
.n; 
Cl 
20 


Q>~ 
"0 
10 
> 


IIII 


G=100 


IIII - 
IIII 
IIII 
G=10 


-........ 


III 
III 


..•••....••. 


III 
" 
G=l 
III 
- 
III 


100k 
1M 


Frequency (Hz) 


PAD 
FUNCTION 


1 
"'" 
2 
A, 
3A, 3B, 3CI') 
Ground 


4A, 4B, 4C(2) 
V,N 
6 
V- 
7 
Vo 
8 
V+ 


NC: No Connection 
NOTES: (1) Connect all three indicated pads. (2) Connect 
all three indicated pads. 
Substrate 
Bias: 
Internally connected 
to V- power supply. 


MILS (0.001 ") 
MILLIMETERS 


Die Size 
69x105±5 
1.75x2.67±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backin9 
Gold 


120 


CD 
100 
:2- 


<=0 
80 
.~..• 
II: 
60 
>- 
0. 
g- 


rJ) 
40 
Ii;~ 
0 
20 
a. 


I"-- ,, " 
"- 
" 
1"--, 
~=100 
, 
1"---, 11cCt- 
, 1:;t 


lk 
10k 


Frequency (Hz) 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 


1000 


@' 
100 
~ 


Q) 
.!!l0 
Z 


Q) 
10 
~ 
0> 


100 


@' 
10 
:0:So 
:ll 
'0z 
C' 
~ 
<.) 


0.1 


G=1 


..•.. 


I"'- 
G:10 


G=100 
. 


Band;th 
Limited 


IIII 


•..•.. 


All Gains 


IIII 


- 


~ - 
-- 
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APPLICATION INFORMATION 


Figure I shows the basic connections 
required for operation 


of the PGA103. Applications 
with noisy or high impedance 
power supplies may require decoupling 
capacitors 
close to 


the device pins as shown. 


GAIN 
A, 
A" 


1 
0 
0 
10 
0 
1 


100 
1 
0 
Not Valid 
1 
1 


Logic 0: (-5.6) ~ V ~ O.BV 
Logic 1: 2V ~ V~ (V+) 
Logic voltages 
referred 
to pin 3. 


NOTE: 
(1) Low impedance ground connection required for good gain 
accuracy-see 
text. 


The input and output are referred 
to the ground 
terminal, 
pin 3. This must be a low-impedance 
connection 
to assure 
good gain accuracy. 
A resistance 
of 0.1nin series with the 


ground 
pin will cause the gain in G= I00 to decrease 
by 
approximately 
0.2%. 


DIGITAL 
INPUTS 


The digital inputs, Ao and A I' select the gain according 
to 


the logic table in Figure 
1. 
The digital 
inputs 
interface 
directly to common CMOS and TTL logic components. 
The 
logic inputs are referenced 
to the ground terminal, pin 3. 


The logic table in Figure I shows that logic" I" on both Ao 
and A 1 is invalid. This logic code will not cause damage, but 
the amplifier output will not be predictable 
while this code 
is selected. 
The output will recover 
when a valid code is 


selected. 


The digital inputs are not latched, so a change in logic inputs 
immediately 
selects a new gain. Switching time of the logic 
is approximately 
0.51!S. The time to respond to gain change 
is equal to the switching 
time plus the time it takes the 


amplifier 
to settle to a new output 
voltage 
in the newly 


selected gain (see settling time specifications). 


Many applications 
use an external logic latch to access gain 


control signals from a high speed data bus. Using an external 
latch 
isolates 
the high 
speed 
digital 
bus from 
sensitive 
analog circuitry. 
Locate the latch circuitry as far as practical 


from analog circuitry to avoid coupling digital noise into the 
analog circuitry. 


Some applications 
select gain of the PGA103 with switches 
or jumpers. 
Figure 2 shows pull-up resistors 
connected 
to 
assure a noise-free 
logic ''1'' when the switch or jumper 
is 
off or open. Fixed-gain 
applications 
can connect the logic 


inputs directly to V+ or ground (or other valid logic level) 
without a series resistor. 


GAIN 
5, 
5, 


1 
Closed Closed 
10 
Closed 
Open 


100 
Open 
Closed 


Nol Valid 
Open 
Open 


OFFSET 
TRIMMING 


Offset voltage is laser-trimmed 
to typically less than 200~V 
(referred to input) in all three gains. The input-referred 
offset 
voltage can be different for each gain. 


Logic threshold 
voltage 


is altered 
by Vm•••. 


OK for VTRlM s: 100mV. 


Figure 3 shows a circuit used to trim the offset voltage of the 
PGA103. 
An op amp buffers the trim voltage to provide a 


low impedance 
at the ground terminal. 
This is required 
to 


maintain accurate gain. Remember 
that the logic inputs, Ao 


and A" 
are referenced 
to this ground 
connection, 
so the 


logic threshold voltage will be affected by the trim voltage. 
This is insignificant 
if the offset adjustment 
is used only to 


trim offset voltage. 
If a large offset is used (greater 
than 


0.1 V), be sure that the logic input signals provide valid logic 
levels when referred to the voltage at the ground terminal, 


pin 3. 
BURR-BROWNe 
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True 
instrumentation 
amplifier 
input. 


1 
0 
0 
0 
0 
2 
0 
1 
0 
0 
4 
1 
0 
0 
0 
8 
1 
1 
0 
0 
10 
0 
0 
0 
1 
20 
0 
1 
0 
1 
40 
1 
0 
0 
1 
80 
1 
1 
0 
1 
100 
0 
0 
1 
0 
200 
0 
1 
1 
0 
400 
1 
0 
1 
0 
800 
1 
1 
1 
0 


MODEL 
CHARACTERISTICS 


INA103 
Low Noise, 1nV/v'RZ IA 
INA105 
G : 1 Difference Amp 
INA106 
G : 10 Difference Amp 
INA114 
Resistor-Programmed 
Gain, 
Precision 
INA117 
±200V CoM Input Range Difference Amp 
INA111 
FET Input. High Speed IA 
INA131 
Precision, G = 100 IA 
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Digitally Controlled 
Programmable-Gain 
INSTRUMENTATION 
AMPLIFIER 


• 
DIGITALLY 
PROGRAMMABLE 
GAINS: 
DECADE 
MODEL-PGA202 
GAINS OF 1, 10, 100, 1000 
BINARY 
MODEL-PGA203 
GAINS OF 1, 2, 4, 8 


• 
LOW BIAS CURRENT: 
50pA max 


• 
FAST SETTLING: 
2~s to 0.01% 


• 
LOW NON-LINEARITY: 
0.012% max 


• 
HIGH CMRR: 80dB min 


• 
NEW TRANSCONDUCTANCE 
CIRCUITRY 


• 
LOW COST 


The PGA202 
is a monolithic 
instrumentation 
ampli- 
fier with digitally controlled 
gains of 1, 10, 100, and 
1000. The PGA203 
provides 
gains of 1, 2, 4, and 8. 
Both have TTL or CMOS-compatible 
inputs for easy 
microprocessor 
interface. Both have FET inputs and a 
new transconductance 
circuitry 
that keeps the band- 
width nearly constant with gain. Gain and offsets are 
laser trimmed to allow use without any external com- 
ponents. 
Both amplifiers 
are available 
in ceramic 
or 
plastic 
packages. 
The ceramic 
package 
is specified 
over the full industrial 
temperature 
range while the 
plastic package covers the commercial 
range. 


• 
DATA ACQUISITION 
SYSTEMS 


• 
AUTO-RANGING 
CIRCUITS 


• 
DYNAMIC 
RANGE EXPANSION 


• 
REMOTE 
INSTRUMENTATION 


• 
TEST EQUIPMENT 


Front 
End 
and 
Logic 
Circuits 


Covered by U.S. PATENT #4.883,422 


International 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, 
AZ 88734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AZ 85706 
Tel: (520)746-1111 
• 
Twx: 91ll-952·1111 
• 
Cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Info: (800) 548-6132 


BURR - BROWNe 
113131 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


PGA202/203AGI') 
PGA202/203BG(1) 
PGA202/203KPI') 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GAIN 
Error 
(2) 
G < 1000 
0.05 
0.25 
0.15 
% 


G = 1000 
0.1 
1 
0.08 
0.5 
% 


Nonlinearity 
G < 1000 
0.002 
0.Q15 
0.012 
% 


G = 1000 
0.02 
0.06 
0.04 
% 
Gain 
VB Temperature 
G < 100 
3 
25 
15 
ppml"C 
M 
G = 100 
40 
120 
60 
ppm/'C 
0 
G = 1000 
100 
300 
150 
ppm/'C 


~ 
RATED OUTPUT 
Voltage 
IlouTI S 5mA 
±10 
±12 
V 
Over Specified Temperature 
See Typical Perl. Curve 
±9 
±10 
V 
0 
Current 
IVouTI S 10V 
±5 
±10 
mA 
N 
Impedance 
0.5 
U 
<C 
ANALOG 
INPUTS 
" 


Common-Mode 
Range 
±10 
±13 
V 


Absolute Max Voltage I') 
No Damage 
±Vcc 
V 
Q. 


Impedance, 
Differential 
10113 
GUll 
pF 
Common~Mode 
10111 
GUll 
pF 


OFFSET VOLTAGE 
(RTI) 
, 
Initial Offset at 25°C(4) 
±(0.5 + 
±(2 + 
±(1 + 
mV 


5/G) 
24/G) 
121G) 


VB Temperature 
±(3 + 
±(24 + 
±(12+ 
lLVI"C 
50/G) 
240/G) 
120/G) 
CJ) 
Offset 
VB Time 
50 
lLViMonth 
a: 
Offset vs Supply 
10~Vcc'5.15 
10 + 
100 + 
50 + 
lLVN 


250/G 
900/G 
450/G 
W 
INPUT BIAS CURRENT 
u::: 
Initial Bias Current: 
at 25'C 
10 
50 
pA 
at 85'C 
640 
3200 
pA 
::i 
Initial Offset Current: at 25°C 
5 
25 
pA 
Q. 


at 85'C 
320 
1600 
pA 


COMMON·MODE 
REJECTION 
RATtO 
== 
G = 1 
80 
100 
dB 
<C 
G = 10 
86 
110 
dB 
G = 100 
92 
120 
dB 
Z 
G = 1000 
94 
120 
dB 
0 
INPUT NOISE 
Noise Voltage 0.1 to 10Hz 
1.7 
::::r:mz 
~ 
Noise Density at 10kHz (5) 
12 


OUTPUT NOISE 
~ 
Noise Voltage 0.1 to 10Hz 
32 
::::r:mz 
Z 
Density at 1kHz (5) 
400 


DYNAMIC 
RESPONSE 
W 
Frequency 
Response 
G < 1000 
1000 
kHz 
== 
G = 1000 
250 
kHz 
::::) 
Full Power 
Bandwidth 
G < 1000 
400 
kHz 
G = 1000 
100 
kHz 
a: 
Slew Rate 
10 
20 
15 
V/lLS 
•••• 
Settling Time (0.01 %) (7) 
G < 1000 
2 
lLS 


G = 1000 
10 
lLs 
CJ) 
Overload 
Recovery Time (7) 
G < 1000 
5 
lLS 
Z 
G = 1000 
10 
lLs - 
DIGITAL 
INPUTS 
Digital Common 
Range 
-Vcc 
Vcc - 8 
V 


Input Low Threshold 
(6) 
0.8 
V 


Input Low Current 
10 
lLA 


Input High Voltage 
2.4 
V 


Input High Current 
10 
lLA 


POWER SUPPLY 
Rated Voltage 
±15 
V 
Voltage Range 
±6 
±18 
V 


Quiescent 
Current 
6.5 
mA 


TEMPERATURE 
RANGE 
Specification 
-25 
85 
0 
70 
'C 
Operating 
-55 
125 
-25 
85 
'c 


Storage 
-'<;5 
150 
-40 
100 
'C 


OJ' 
100 
'cm 


NOTES: 
(1) All specifications 
apply 
to both 
the PGA202 
and the PGA203. 
Vafue5 
given 
for a gain of 10 are the same 
for a gain of 6 and other 
values 
may be interpolated. 


(2) Measured with a 10k load. (3) The analog inputs are internally diode clamped. 
(4) Adjustable to zero. (5) 
VNOISE(RTI)= ...J(VNINPUT)2+ (VN oUTPur/Gain)2. 


(6) Threshold voltages are referenced to Digital Common. (7) From input change or gain change. 
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Analog and Digital Inputs . 
Operating 
Temperature 
Range: 
G Package 
. 
-SS·C to +12S·C 
P Package 
. -40·C 
to +1OO·C 
Lead Temperalure 
(soldering, 
105) 
300·C 
Output 
Short Circuit Duration 
Continuous 


Junction Temperature 
175°C 


VREF 


Filter A 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


PGA202KP 
14·Pin Plastic DIP 
010 
PGA202AG 
14-Pin Ceramic DIP 
169 
PGA202BG 
14-Pin Ceramic 
DIP 
169 
PGA203KP 
14-Pin 
Plastic DIP 
010 
PGA203AG 
14-Pin Ceramic DIP 
169 
PGA203BG 
14-Pin Ceramic 
DIP 
169 


TEMPERATURE 
OFFSET VOLTAGE 


MODEL 
GAINS 
PACKAGE 
RANGE 
MAX (mV) 


PGA202KP 
1,10,100,1000 
Plastic DIP 
O·C 10+70·C 
±(2 + 24/G) 
PGA202AG 
1,10,100,1000 
Ceramic 
DIP 
-2S·C 10+8S·C 
±(2 + 24/G) 


PGA202BG 
1,10,100,1000 
Ceramic 
DIP 
-2S·C 10+8S·C 
±(1 + 121G) 


PGA203KP 
1,2,4,8 
Plastic 
DIP 
aoc to +70°C 
±(2 + 24/G) 
PGA203AG 
1,2,4,8 
Ceramic 
DIP 
-2S·C to +8S·C 
±(2 + 24/G) 
PGA203BG 
1,2,4,8 
Ceramic 
DIP 
-2S·C to +8S·C 
±(1 + 121G) 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies 
oromissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this informatIOn, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are sUbject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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DISCUSSION OF 
PERFORMANCE 


A simplified 
diagram 
of the PGA202/203 
is shown on the 
first page. 
The design 
consists 
of a digitally 
controlled, 


differential 
transconductance 
front end stage using precision 
FET buffers and the classical transimpedance 
output stage. 


Gain switching 
is accomplished 
with a novel current steer- 
ing technique 
that allows for fast settling 
when changing 
gains. 
The 
result 
is a high 
performance, 
programmable 
instrumentation 
amplifier 
with excellent 
speed 
and gain 


accuracy. 


The input stage uses a new circuit topology 
that includes 
FET buffers to give extremely 
low input bias currents. The 
differential 
input voltage 
is converted 
into a differential 
output current 
with the transconductance 
gain selected 
by 


steering the input stage bias current between four identical 
input stages differing 
only in the value of the gain setting 
resistor. Each input stage is individually 
laser-trimmed 
for 


input offset, offset drift, and gain. 


The output stage is a differential 
trans impedance 
amplifier. 


Unlike the classical 
difference 
amplifier 
output stage, the 
common-mode 
rejection is not limited by the resistor match- 
ing. However, the output resistors are laser-trimmed 
to help 
minimize 
the output offset and drift. 


BASIC CONNECTIONS 


Figure I shows the proper connections 
for power supply and 
signal. The power supplies 
should be decoupled 
with lJ.lF 
tantalum 
capacitors 
placed 
as close 
to the amplifier 
as 


possible 
for maximum 
performance. 
To avoid 
gain 
and 
CMR errors 
introduced 
by the external 
components, 
you 


should connect the grounds as indicated. 
Any resistance 
in 
the sense line (pin 11) or the VREF line (pin 4) will lead to 
a gain error, 
so these 
lines 
should 
be kept 
as short 
as 
possible. To also maintain stability, avoid capacitance 
from 


the output to the input or the offset adjust pins. 


OFFSET 
ADJUSTMENT 


Figure 2 shows the offset adjustment circuits for the PGA202/ 
203. The input offset and the output offset are both sepa- 
rately adjustable. Notice that because the PGA202/203 change 
between four different input stages to change gain, the input 
offset voltage will change 
slightly 
with gain. For systems 


using computer 
autozeroing 
techniques, 
neither offset nor 
drift is a major concern, but it should be noted that since the 
input offset does change 
with gain, these systems 
should 
perform an autozero 
cycle after each gain change for opti- 
mum performance. 


In the output 
offset adjustment 
circuit, 
the choice 
of the 
buffering 
op amp is very important. 
The op amp needs to 
have low output impedance 
and a wide bandwidth 
to main- 
tain full accuracy 
over the entire frequency 
range of the 


PGA202/203. 
For these reasons we recommend the OPA602 


as an excellent 
choice for this application. 


+Vce 


V,N 
vQUT 


10kn 


100kn 


lOon 
-vcc 
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for the different 
possible 
values of the digital input word. 
The logic inputs are referred 
to their own separate 
digital 
common 
pin, which can be connected 
to any voltage be- 
tween the minus supply and 8V below the positive supply. 
The gains are all internally trimmed to an initial accuracy of 
better than 0.1 %, so no external gain adjustment is required. 
However, if necessary the gains can be increased by the use 
of an external attenuator around the output stage as shown in 
Figure 3. Recommended 
resistor values for certain selected 
output gains are given in Table II. 


PGA202 
PGA203 


A, 
Ao 
GAIN 
ERROR 
GAIN 
ERROR 


0 
0 
1 
0.05% 
1 
0.05% 
0 
1 
10 
0.05% 
2 
0.05% 
1 
0 
100 
0.05% 
4 
0.05% 
1 
1 
1000 
0.10% 
a 
0.05% 


OUTPUT 
GAIN 
R, 
R2 


2 
5kU 
5kU 
5 
2kU 
akU 
10 
1kU 
Skn 


Unlike the classical three op amp type of circuit, the input 
common-mode 
range of the PGA202/203 
does not depend 
on the differential 
input and the gain. In the standard three 
op amp circuit, the input common-mode 
signal must be kept 
below the maximum 
output voltage of the input amplifier 
minus 
1/2 the final output voltage. 
If, for example, 
these 
amplifiers can swing ±12V, then to get I2V at the output you 
must restrict the input common-mode 
voltage to only 6V. 
The circuitry of the PGA202/203 
is such that the common- 


mode input range applies to either input pin regardless of the 
output voltage. 
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the load at the load site, IR drops due to the load currents are 
eliminated 
since they are inside the feedback 
loop. Proper 
connection 
is shown 
in Figure 
I. When 
more current 
is 
required, a power booster can be placed in the feedback loop 
as shown in Figure 4. Buffer errors are minimized 
by the 
loop gain of the output amplifier. 


The summing 
nodes of the output amplifier have also been 
made 
available 
to allow for output 
filtering. 
By placing 
matched 
capacitors 
in parallel 
with the existing 
internal 
capacitors 
as shown 
in Figure 
5, you can lower the fre- 
quency response of the output amplifier. This will reduce the 
noise of the amplifier, 
at the cost of a slower response. The 
nominal 
frequency 
responses 
for some selected 
values 
of 
capacitor 
are shown in Table III. 


CUTOFF FREQUENCY 
C, AND C2 


1MHz 
None 


100kHz 
47pF 
10kHz 
525pF 
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INPUT CHARACTERISTICS 


Because the PGA2021203 have PET inputs, the bias currents 
drawn through input source resistors have a negligible effect 
on DC accuracy. 
The picoamp 
currents 
produce 
no more 
than microvolts 
through 
megohm 
sources. 
The inputs are 


also internally 
diode clamped 
to the supplies. 
Thus, input 
filtering and input series protection 
are easily achievable. 


A return path for the input bias currents 
must always be 
provided to prevent the charging of any stray capacitance. 
Otherwise, 
the amplifier could wander and saturate. A IMn 
to IOMn 
resistor 
from the input to common 
will return 
floating 
sources 
such 
as thermocouples 
and AC-coupled 
inputs (see Applications 
Section, Figures 8 and 9). 


DYNAMIC 
PERFORMANCE 


The PGA202 
and the PGA203 
are fast-settling 
PET input 
programmable 
gain instrumentation 
amplifiers. 
Careful at- 


tention to minimize stray capacitance is necessary to achieve 
specified performance. 
High source resistance 
will interact 
with 
the input 
capacitance 
to reduce 
speed 
and overall 


bandwidth. 
Also, to maintain 
stability, 
avoid capacitance 
from the output to the input or the offset adjust pins. 


Applications 
with balanced 
source impedance 
will provide 
the best performance. 
In some 
applications, 
mismatched 
source impedances 
may be required. If the impedance 
in the 
negative 
input 
exceeds 
that in the positive 
input, 
stray 
capacitance 
from the output will create a net negative feed- 
back and improve the stability of the circuit. If, however, the 
impedance 
in the positive input is greater, then the feedback 
due to stray capacitance 
will be positive and instability may 
result. 
The degree 
of positive 
feedback 
will, of course, 
depend on the source impedance 
imbalance 
as well as the 
board layout and the operating gain. The addition of a small 
bypass capacitor of about 5 to 50pF directly across the input 
terminals of the PGIA will generally eliminate any instabil- 
ity arising from these stray capacitances. 
CMR errors due to 
the source imbalance will also be reduced by the addition of 
this capacitor. 


The PGA202 and the PGA203 are designed for fast settling 
in response to changes in either the input voltage or the gain. 
The bandwidth 
and the settling times are mostly determined 
by the output stage and are therefore 
independent 
of gain, 
except at the highest gain of the PGA202 where other factors 
in the input stage begin to dominate. 


In addition to general purpose applications, 
the PGA2021203 
are designed to handle two important and demanding classes 
of applications: 
inputs with high source impedances, 
and 
rapid scanning 
data acquisition 
systems requiring 
fast set- 
tling time. Because the user has access to output sense and 
output common pins, current sources can also be constructed 
with a minimum of external components. 
Some basic appli- 
cation circuits are shown in Figures 6 through 
12. 


I 
I 
I 


:~CXJTi~ 
I 
I 
I 
I 
I 
I 
I 
I 


FIGURE 
6. Isolated 
Programmable 
Gain Instrumentation 
Amplifier. 


FIGURE 
8. 
AC-Coupled 
Differential 
Amplifier 
for 
Frequencies 
Above O.16Hz. 
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FIGURE 9. Floating Source Programmable 
Gain Instrumen- 
tation Amplifier. 


I 


10kn 


VOUT 
V,N 
200n 
10kn 
\ 


FIGURE 10.Low Noise Differential Amplifier with Gains of 
100.200.400.800. 


FIGURE 
11. Programmable 
Differential 
InIDifferentiai 
Out 
Amplifier. 


A, 
A, 
A, 
A, 
GAIN 


0 
0 
0 
0 
1 
0 
0 
0 
1 
2 


0 
0 
1 
0 
4 
0 
0 
1 
1 
8 
0 
1 
0 
0 
10 
0 
1 
0 
1 
20 
0 
1 
1 
0 
40 
0 
1 
1 
1 
80 
1 
0 
0 
0 
100 
1 
0 
0 
1 
200 
1 
0 
1 
0 
400 
1 
0 
1 
1 
800 
1 
1 
0 
0 
1000 
1 
1 
0 
1 
2000 


1 
1 
1 
0 
4000 


1 
1 
1 
1 
8000 
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BURR 
- BROWN® 


IElElI 
PGA204 
PGA205 


Programmable 
Gain 


INSTRUMENTATION 
AMPLIFIER 


• 
DIGITALLY 
PROGRAMMABLE 
GAIN: 


PGA204: 
G=l, 
10, 100, 1000VN 
PGA205: 
G=l, 
2, 4, 8VN 


• 
LOW OFFSET 
VOLTAGE: 
50llV max 


• 
LOW OFFSET 
VOLTAGE 
DRIFT: 0.251lVI"C 


• 
LOW INPUT BIAS CURRENT: 
2nA max 


• 
LOW QUIESCENT 
CURRENT: 
5.2mA typ 


• 
NO LOGIC SUPPLY 
REQUIRED 


• 
16-PIN PLASTIC 
DIP, SOL-16 
PACKAGES 


• 
DATA ACQUISITION 
SYSTEM 


• 
GENERAL 
PURPOSE 
ANALOG 
BOARDS 


• 
MEDICAL 
INSTRUMENTATION 


A, 


Ao 


Digital 


Ground 


The PGA204 and PGA205 
are low cost, general pur- 
pose 
programmable-gain 
instrumentation 
amplifiers 
offering 
excellent 
accuracy. 
Gains 
are digitally 
se- 
lected: PGA204-1, 
10, 100, 1000, and PGA205-I, 


2,4, 8VN. 
The precision and versatility, 
and low cost 
of the PGA204 
and PGA205 
make them ideal for a 


wide range of applications. 


Gain is selected 
by two TIL 
or CMOS-compatible 
address lines, Ao and At. Internal input protection 
can 
withstand 
up to ±40V 
on the analog inputs 
without 


damage. 


The PGA204 and PGA205 are laser trimmed for very 
low offset voltage (50flV), drift (O.25flV/°C) and high 
common-mode 
rejection (115dB at G=lOoo). Theyop- 
erate with power supplies as low as ±4.5V, allowing use 
in battery operated systems. Quiescent current is 5mA. 


The PGA204 
and PGA205 
are available 
in 16-pin 
plastic DIP, and SOL-16 surface-mount packages, speci- 
fied for the -40°C 
to +85°C temperature 
range. 
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PGA204BP. 
BU 
PGA204AP. 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, 
RTI 
T,=+25"C 
±10+20/G 
±50+100/G 
±25+30/G 
±125+500/G 
I'V 
vs Temperature 
TA=TMtN 
to 
TMA)( 
±0.1+0.51G 
±0.25+51G 
±0.25+51G 
±1+10/G 
I'VI"C 
vs Power Supply 
Vs=±4.5V to ±18V 
0.5+21G 
3+10/G 
I'VN 


long-Term 
Stability 
±0.2+0.51G 
I'Vimo 


Impedance, 
Differential 
101°116 
nil 
pF 
Common-Mode 
101°116 
nil 
pF 
II) 
Input Common·Mode 
Range 
Vo'OV 
(see text) 
±10.5 
±12.7 
V 
0 
Sa'e Input Vohage 
±40 
V 
N 
Common-Mode 
Rejection 
VcM=±10V,6Rs·lkn 
;;: 
G·l 
80 
99 
75 
90 
dB 


G.10 
96 
114 
90 
106 
dB 
0 
G=100 
110 
123 
106 
110 
dB 
N 
G=1000 
115 
123 
106 
110 
dB 
« 
BIAS CURRENT 
±0.5 
±2 
±5 
nA " 


vs Temperature 
±8 
pAl"C 
a. 


Offset Current 
±0.5 
±2 
nA 
vs Temperature 
±8 
pAl"C 


NOISE, Voltage, RTI(1I: '=10Hz 
8;>100, Rs=On 
16 
nV/,[Hz 
, 
'.100Hz 
G~l 00, Rs.On 
13 
nV/,[Hz 


'=1 kHz 
G~l 00, Rs=On 
13 
nV/,[Hz 


' •• 0.1 Hz to 10Hz 
G~l 00, Rs.On 
0.4 
I'Vp-p 
Noise Current 
en 
l.l0Hz 
0.4 
pAl,[Hz 
a: 
1=1kHz 
0.2 
pAl,[Hz 


'.=0.1 Hz to 10Hz 
18 
pAp-p 
W 


GAIN, Error 
G.l 
±0.005 
±0.024 
±0.05 
% 
u:: 


G.l0 
±0.01 
±0.024 
±0.05 
% 
::i 
G=l00 
±0.01 
±0.024 
±0.05 
% 


G.1000 
±0.02 
±0.05 
±D.1 
% 
a. 


Gain vs Temperature 
G=1 to 1000 
±2.5 
±10 
ppml"C 


== 
Nonlinearity 
G.l 
±0.0004 
±0.001 
±0.002 
% of FSR 
« 
G.l0 
±0.0004 
±0.002 
±0.004 
% of FSR 
G.l00 
±0.0004 
±0.002 
±0.004 
% 01 FSR 
Z 
G=1000 
±0.0008 
±0.01 
±0.02 
% 01 FSR 
0 
OUTPUT 
Voltage, 
Positive(2) 
lo:::5mA, 
T MIN to 
T MAX 
(V+)-1.5 
(V+)-1.3 
V 


~ 
Negative(2) 
lo=-5mA, 
T MIN to TMAX 
(V-)+1.5 
(V-)+1.3 
V 


load Capacitance 
Stability 
1000 
pF 
~ 
Short Circuit Current 
+23/-17 
mA 
Z 
FREQUENCY 
RESPONSE 
W 
Bandwidth, 
-3dB 
G=l 
1 
MHz 
G=10 
80 
kHz 
== 
G=100 
10 
kHz 
~ 
G=1000 
1 
kHz 
a: 
Slew Rate 
Vo=±10V, 
G.l0 
0.3 
0.7 
VII's 
Settling Time(3), 0.1% 
G=l 
22 
I's 
t- 


G=10 
23 
I'S 
en 
G=100 
100 
J1S 
Z 
G=1000 
1000 
J1S 
- 
0.01% 
G.l 
23 
J1S 


G.l0 
28 
J1S 


G.100 
140 
I's 


G=1000 
1300 
I'S 


Overload 
Recovery 
50% Overdrive 
70 
I's 


DIGITAL 
lOGIC 
Dignal Ground Vohage, VOG 
V- 
(V+)4 
V 


Dignal low 
Voltage 
V- 
VOG+0.8V 
V 


Digital Input Current 
1 
J1A 


Digital High Voltage 
Voo+2 
V+ 
V 


POWER SUPPLY, 
Voltage 
±4.5 
±15 
±18 
V 
Current 
V'N=OV 
+5.21-4.2 
±6.5 
±7.5 
mA 


TEMPERATURE 
RANGE 


Specification 
-40 
+85 
"C 
Operating 
-40 
+125 
"C 


oJ, 
80 
"CIW 


• Specification 
same as PGA204BP. 


NOTES: 
(1) Input-referred 
noise voltage varies with gain. See typical curves. (2) Output voltage swing is tested for ±10V min on ±11.4V power supplies. (3) Includes 


time to switch to a new gain. 
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SPECIFICATIONS 
ELECTRICAL 
PGA205 
G=1, 2, 4, 8VN 


At TA= 
+25°C. Vs= ±15V, and RL:::: 2kO unless 
othelWise 
noted. 


PGA205BP, 
BU 
PGA205AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, RTI 
TA=+25°C 
±10+20/G 
±50+100/G 
±25+30/G 
±125+500/G 
~V 
vs Temperature 
TA""TM1N to TMAX 
±0.1+0.5/G 
±0.25+5/G 
±0.25+5/G 
±1+10/G 
~VI·C 
vs Power Supply 
Vs-±4.5V 
to ±18V 
0.5+21G 
3+10/G 
~VN 


Long-Term 
Stability 
±0.2+0.5IG 
~Vlmo 
Impedance, 
Differential 
10"116 
nllpF 
Common·Mode 
10'°116 
nllpF 


Input Common-Mode 
Range 
Vo.OV (see text) 
±10.5 
±12.7 
V 
Sate Input Voltage 
±40 
V 
Common-Mode 
Rejection 
VcM=±10V, 
<lRs=lkn 
G=l 
80 
94 
75 
88 
dB 
G=2 
85 
100 
80 
94 
dB 
G=4 
90 
106 
85 
100 
dB 
G=8 
95 
112 
89 
106 
dB 


BIAS CURRENT 
±0.5 
±2 
±5 
nA 
vs Temperature 
±8 
pArC 
Offset Current 
±0.5 
±2 
nA 
vs Temperature 
±8 
pArC 


Noise Voltage, 
RTIf'l: f=1 OHz 
G=8, Rs=On 
19 
nV/#fZ 
1.100Hz 
G=8, Rs.On 
15 
nV/#fZ 
1=1kHz 
G=8, Rs.On 
15 
nV/#fZ 
fe=0.1Hz to 10Hz 
G.8, 
Rs.On 
0.5 
~Vp-p 
Noise Current 
1.10Hz 
0.4 
pAl#fZ 


t.1kHz 
0.2 
pAl#fZ 


le=O.l Hz to 10Hz 
18 
pAp-p 


GAIN, Error 
G=l 
±0.005 
±0.024 
fO.05 
% 


G.2 
±0.01 
±0.024 
±0.05 
% 


G.4 
fO.01 
±0.024 
±0.05 
% 


G.8 
±0.01 
±0.024 
±O.05 
% 


Gain vs Temperature 
G=l 
fo 8 
±2.5 
±10 
ppml"C 
Nonlinearity 
G=l 
±0.00024 
±0.001 
±0.002 
% of FSR 
G=2 
±0.00024 
±0.002 
±0.004 
% of FSR 
G=4 
±0.00024 
±0.002 
±0.004 
°/0 of FSR 
G=8 
±0.00024 
±0.002 
±0.004 
% of FSR 


OUTPUT 
Voltage, Positive(2) 
lo",,5mA, 
T MIN to T MAX 
(V+)-1.5 
(V+)-1.3 
V 
Negative(2j 
lo=-SmA, 
T MIN to T MAX 
(V-)+1.5 
(V-)+1.3 
V 
Load Capacitance 
Stability 
1000 
pF 
Short Circuit Current 
+23/-17 
mA 


FREQUENCY 
RESPONSE 
Bandwidth, 
..;)dB 
G=l 
1 
MHz 
G=2 
400 
kHz 
G=4 
200 
kHz 
G.8 
100 
kHz 
Slew Rate 
Vo-±10V, 
G=8 
0.3 
0.7 
VI~ 
Settling Time(3), 0.1% 
G=l 
22 
~ 
G=2 
22 
~s 


G.4 
23 
~ 
G=8 
23 
~ 
0.01% 
G=l 
23 
~s 


G=2 
23 
~s 


G.4 
25 
~s 
G=8 
28 
~s 


Overload 
Recovery 
50% overdrive 
70 
~s 


DIGITAL 
LOGIC INPUTS 


Digital Ground Voltage, Voo 
V- 
(V+)-4 
V 
Digital Low Voltage 
V- 
VQG+0.8V 
V 
Digital Low Current 
1 
~ 
Digital High Vohage 
Voo+2 
V+ 
V 


POWER SUPPLY, 
Vohage 
±4.5 
±15 
±18 
V 


Current 
V'N=OV 
+5.21-4.2 
±6.5 
±7.5 
mA 


TEMPERATURE 
RANGE 


SpecifICation 
-40 
+85 
OC 


Operating 
-40 
+125 
·C 
8J• 
80 
·elW 


• Specification 
same as PGA204BP. 


NOTES; 
(1) Input-referred 
noise voltage varies with gain. See typical curves. (2) Output voltage swing is tested for ±1 OV min on ±11.4V power supplies. (3) Includes 
time to switch to a new gain. 
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PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


PGA204AP 
16-Pin Plastic DIP 
180 
PGA204BP 
16·Pin Plastic DIP 
180 
PGA204AU 
SOL ·16 Surface Mount 
211 
PGA204BU 
SOL -16 Surface Mount 
211 


PGA205AP 
16·Pin Plaseic DIP 
180 
PGA205BP 
16·Pin Plastic DIP 
180 
PGA205AU 
SOL·16 Surface Mount 
211 
PGA205BU 
SOL ·16 Surface Mount 
211 


Supply Vo~age 
. 
±18V 


Analog Input Voltage Range 
±40V 


Logic Input Voltage Range 
±Vs 


Output 
Short~Circuit (to ground) 
Continuous 


Operating Temperature 
-40°C 
to +125°C 
Storage Temperature 
-40°C 
to +125°C 


Junction 
Temperature 
. 
+ISOOC 


Lead Temperature 
(soldering -105) 
+3000C 


MODEL 
GAINS 
PACKAGE 
TEMPERATURE 
RANGE 


PGA204AP 
1,10, 
100, l000VN 
16·Pin Plastic DIP 
-40 
to +85'C 
PGA204BP 
1,10, 
100, l000VN 
16·Pin Plastic DIP 
-40 to +85'C 


PGA204AU 
1,10, 
100, 1000VN 
SOL ·16 Surface·Mount 
-40 
to +85'C 


PGA204BU 
1,10,100,1000VN 
SOL·16 Surface' Mount 
-40 
to +85°C 


PGA205AP 
1,2,4,8VN 
16·Pin Plastic DIP 
-40 to +85'C 
PGA205BP 
1,2,4,8VN 
16·Pin Plastic DIP 
-40 
to +85'C 


PGA205AU 
1,2,4,8VN 
SOL·16 Surface·Mount 
-40 
to +85°C 
PGA205BU 
1,2,4,8VN 
SOL·16 Surface' Mount 
-40 to +85'C 
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Yo, 
16 
A, 


15 
Ao 


NC 
Dig. Ground 


Y+ 


Feedback 


Yo 


Ref 


Y- 
8 
Yo, 


NC: No Internal 
Connection. 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Yo, 
9 
Yo, 
2 
- 
10 
Ref 
3 
- 
11 
Yo 
4 
V-IN 
12 
Feedback 
5 
V+1N 
13 
Y+ 
6 
Yos Adj 
14 
Dig. Ground 
7 
Yos Adj 
15 
Ao 
8 
Y- 
16 
A, 


MilS (0.001 ") 
MilliMETERS 


Die Size 
186 x 130 ±5 
4.72x3.30±0.13 
Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
Gold 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 
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• • r ."'''''•..r •.•nr"'r ••v."" ••••'"'~ 
,",un Y~.;;:J 


At TA = +25°C, 
and Vs = ±15V. 
unless otherwise 
noted. 


~ 
100 
G 
c 
"n; 
Cl 
10 


-5 
0 
5 


Oulput Voltage (V) 


iD 120 
'"-5 
100 
I 
~ 
80 
>. 
8: 
60 
6lI 
40 


"- 
20 
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COMMON· MODE REJECTION 
vs FREQUENCY 


140 


'(3.1k.'100 


I 
III 


120 ~ 
G = 10 
- 
i' 
"S"Grade 
100 
G= 
1 
r- 


G= 1k 
- 
- 
r- 


.•••• 
1 
,:~'~~ 


80 f- 
f- 


60 r- 
r- 
- 
~t::; 
G=lo 


l 


1 


40 
L- 
L- 
- 


G=J..+ 


10 
100 
lk 
10k 
lOOk 


Frequency (Hz) 


iD 120 
'"-g 
100 


.~ 
"ar 
80 


II: 
>.I 
60 


(J)l 40 


20 


100 


Frequency (Hz) 


ano 


~o 
C\I« 
CJ 
1M 
a.- 


For Immediate Assistance, Contact YourLocal Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 


±I. 
V 
~ ~ 
~ 
--- 
..... 


los 
';:::::: 
""" 


'" 


6 


~ 
4 


Q) 
C> 
c:jg 
() 


Q) 
0 
~ 
0> -2 
;;~ 
0 -4 


"'- 
G~llOO 
"-.., h- 
,,? I--'"' 
/' 


- 


1/ 


~ 
I 
II/ 
l- 


I G= 10 
,/ 


I I 
/ 
G = 100, lk 


2 
;{.s 
E 
~ 
() 
gj 
iii 
'5 
-1 
~ 
-2 


TTT 
TTT 


I 
II 
B~thl~ts 
IIb11 + 11~21r--t"'1 
I 


~ne Input 
II 
I 


Over-Voltage 


Protection 
Over-Voltage t 
I--- 
Normal 
Protection 
o aralian 
J...-I-t 


One Innut I 
1/ 


I JA 


I--'T Both Inputs 


1.0 


0.8 


"'~ 0.6 
* 
a: 
3: 
0.4 
.91 
rJJ 


0.2 


1---- 


---~ 
G=~ror 10 
L--- 
a: 24 
6. 


;; 
20 
No 
16 
> 
% 12 
o 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 
TYPICAL PERFORMANCE CURVES (CO NT) 


:<.s 
25 
E 
~ 
~ 
20 
~ 
o" 
~ 
15 


(/) 


5.2 


:< 
5.0 
.s 
E 
~ 
<.> 
4.5 
E 
~ 
Q) 
8 
4.0 


V+ 


v 


~ 
~o 
~5 


Power Supply Voltage (V) 


6.0 


:< 
5.5 
.s 
E 
~ 
5.0 
<.> 
E 
Q) 
~ 
8 
4.5 


r-... 


...•..••.... 


........... 


••..•... 


...•..••.... 


r---- ......••... 


25 
50 
75 
100 
125 


Temperature 
(OC) 


s= ±15~ I----- 


Vs-11.' 


-vs= 
±4.s- '-- 


T 


I 


~ 
12i 10 
g 
8 
"a- 
6 


<3 


25 
50 
75 
100 


Temperature 
rC) 


Vs= ±15Y- - 


Vs 
11.4- - 


vs= ±4.s- - 


~ 
-12 
i-10 
g 
-8 
" 
~ 
-6 
o 


-2 


o 
-75 
-50 
-25 
25 
50 
75 
100 
125 


Temperature 
(OC) 
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Figure I shows the basic connections 
required for operation 
of the PGA204!20S. 
Applications 
with noisy or high imped- 
ance 
power 
supplies 
may 
require 
decoupling 
capacitors 
close to the device pins as shown. 
The output is referred to the output reference (Ref) terminal 
which is normally grounded. This must be a low-impedance 
connection to assure good common-mode 
rejection. A resis- 
tance of sn in series with the Ref pin will cause a typical 
device to degrade to approximately 
80dB CMR (0=1). 


The PGA204/20S 
has an output feedback 
connection 
(pin 
12). Pin 12 must be connected to the output terminal (pin II) 
for proper operation. 
The output Feedback 
connection 
can 


be used to sense the output voltage directly at the load for_ 
best accuracy. 
' 


DIGITAL 
INPUTS 


The digital inputs ~ 
and AI select the gain according to the 
logic table in Figure 
1. Logic "I" 
is defined 
as a voltage 
greater 
than 2V above 
digital 
ground 
potential 
(pin 
14). 


Digital ground can be connected 
to any potential 
from the 
V- 
power 
supply 
to 4V less than V+. Digital 
ground 
is 
normally 
connected 
to ground. The digital inputs interface 
directly CMOS and TIL 
logic components. 


Approximately 
lllA flows out of the digital input pins when 
a logic "0" is applied. Logic input current is nearly zero with 
a logic 
"I" 
input. 
A constant 
current 
of approximately 


PGA204 


PGA205 
Feedback 


25kn 


8 


Vos 
VQ2 
1~F 


Adj 
~ 
"7" 


,15V 


GAIN 


PGA204 PGA205 
A, 
A" 


1 
1 
0 
0 
10 
2 
0 
1 
100 
4 
1 
0 
1000811 


Sometimes 
shown in simplified form: 


VI~~ 
+ 
PGA204 
Vo 


VIN 
+ 


A, 
A" 


FIGURE 
I. Basic Connections. 
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Switches, 
jumpers 
or open~collector 
logic output. 
Digital ground can 
alternatively 
be connected 


to v- power supply. 


l.3mA flows in the digital ground pin. It is good practice to 
return digital ground through a separate connection 
path so 
that analog 
ground 
is not affected 
by the digital 
ground 
current. 


The digital inputs, Ao and AI' are not latched; a change in 
logic inputs immediately 
selects a new gain. Switching time 
of the logic is approximately 
IfJS. The time to respond 
to 
gain change is effectively 
the time it takes the amplifier to 
settle to a new output voltage in the newly selected gain (see 
settling time specifications). 


Many applications 
use an external logic latch to access gain 
control data from a high speed data bus (see Figure 7). Using 
an external 
latch isolates 
the high speed digil:al bus from 
sensitive analog circuitry. Locate the latch circuitry as far as 
practical 
from analog circuitry. 


V,N 


16 
A, 


Ao 
15 


Digital 
14 


Ground 


+ 
V,N 


Some 
applications 
select 
gain 
of the PGA2041205 
with 
switches or jumpers. 
Figure 2 shows pull-up resistors con- 
nected 
to assure 
a noise-free 
logic "I" 
when the switch, 
jumper 
or open-collector 
logic is open or off. Fixed-gain 
applications 
can connect the logic inputs directly to V+ or 


V- (or other valid logic level); no resistor is required. 


OFFSET 
VOLTAGE 


Voltage offset of the PGA204/205 
consists of two compo- 
nents-input 
stage 
offset 
and output 
stage 
offset. 
Both 
components 
are specified in the specification 
table in equa- 
tion form: 


where: 
Vos total is the combined 
offset, referred to the input. 


VOSI is the offset voltage of the input stage, AI and A2. 


VOSOis the offset voltage of the output difference 
amplifier, 
A3. 


VOSI and Voso do not change 
with gain. The composite 
offset voltage Vos changes 
with gain because 
of the gain 
term in equation I. Input stage offset dominates in high gain 
(G~lOO); both sources of offset may contribute 
at low gain 
(G=I to 10). 


OFFSET 
TRIMMING 


Both the input and output stages are laser trimmed for very 
low offset voltage and drift. Many applications 
require 
no 
external offset adjustment. 


Figure 3 shows an optional input offset voltage trim circuit. 
This circuit should be used to adjust only the input stage 
offset voltage of the PGA2041205. 
Do this by programming 


PGA204 


PGA205 
Feedback 


12 


Resistors can be substituted 
for REF200. Power supply 
rejection will be degraded. 
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it to its highest gain and trimming the output voltage to zero 
with the inputs 
grounded. 
Drift performance 
usually 
im- 
proves 
slightly 
when the input offset 
is nulled 
with this 
procedure. 


Do not use the input offset adjustment 
to trim system offset 
or offset produced 
by a sensor. Nulling 
offset that is not 
produced 
by the input amplifiers 
will increase temperature 
drift by approximately 
3.3~V/oC per ImV of offset adjust- 


ment. 
Many applications 
that need input stage offset adjustment do 
not need output stage offset adjustment. Figure 3 also shows 
a circuit for adjusting output offset voltage. First, adjust the 
input offset voltage as discussed 
above. Then program the 
device for G= 1 and adjust the output to zero. Because of the 
interaction 
of these two adjustments 
at G=8, the PGA205 
may require iterative adjustment. 


The output offset adjustment 
can be used to trim sensor or 
system offsets without affecting drift. The voltage applied to 
the Ref terminal 
is summed 
with the output 
signal. Low 
impedance 
must be maintained 
at this node to assure good 
common-mode 
rejection. 
This is achieved by buffering 
the 
trim voltage with an op amp as shown. 


NOISE PERFORMANCE 


The PGA2041205 provides very low noise in most applica- 
tions. Low frequency noise is approximately 
O.4~Vp-p mea- 
sured from 0.1 to 10Hz. This is approximately 
one-tenth the 
noise of "low noise" chopper-stabilized 
amplifiers. 


INPUT 
BIAS CURRENT 
RETURN 
PATH 


The input impedance of the PGA204/205 
is extremely high- 


approximately 
lOIOQ. However, a path must be provided for 
the input bias current of both inputs. This input bias current 
is typically 
less than ±lnA 
(it can be either polarity due to 
cancellation 
circuitry). 
High input impedance 
means 
that 
this input bias current changes very little with varying input 
voltage. 


Input circuitry must provide a path for this input bias current 
if the PGA204/205 
is to operate properly. 
Figure 4 shows 
provisions 
for an input bias current 
path. Without 
a bias 
current return path, the inputs will float to a potential which 
exceeds 
the common-mode 
range of the PGA2041205 
and 
the input amplifiers 
will saturate. If the differential 
source 
resistance 
is low, bias current return path can be connected 
to one input (see thermocouple 
example in Figure 4). With 
higher 
source 
impedance, 
using 
two resistors 
provides 
a 
balanced 
input 
with possible 
advantages 
of lower 
input 
offset voltage 
due bias current 
and better common-mode 
rejection. 


Many sources or sensors inherently provide a path for input 
bias current 
(e.g. the bridge 
sensor 
shown 
in Figure 
4). 
These applications 
do not require additional 
resistor(s) 
for 
proper operation. 
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Microphone, 
Hydrophone 
etc. 


VR 
Center·tap 
provides 


bias current 
return. 


FIGURE 
4. Providing 
an Input 
Common-Mode 
Current 
Path. 


INPUT COMMON-MODE 
RANGE 


The linear common-mode 
range of the input op amps of the 
PGA2041205 
is approximately 
±12.7V 
(or 2.3V from the 
power supplies). As the output voltage increases, 
however, 
the linear input range will be limited by the output voltage 
swing of the input amplifiers, 
Al and A2• The common- 
mode range is related to the output voltage of the complete 
amplifier-see 
performance 
curve "Input 
Common-Mode 
Range vs Output Voltage." 


A combination 
of common-mode 
and 
differential 
input 
voltage can cause the output of Al or A2 to saturate. Figure 
5 shows the output voltage swing of Al and A2 expressed 
in 
terms of a common-mode 
and differential 
input voltages. 
Output swing capability 
of these internal amplifiers 
is the 
same as the output 
amplifier, 
A3• For applications 
where 
input common-mode 
range must be maximized, 
limit the 
output 
voltage 
swing 
by selecting 
a lower 
gain 
of the 
PGA2041205 (see performance 
curve "Input Common-Mode 
Voltage Range vs Output Voltage"). 
If necessary, 
add gain 
after the PGA2041205 to increase the voltage swing. 


Input-overload 
often produces an output voltage that appears 
normal. For example, consider an input voltage of +20V on 
one input and +40V on the other input will obviously exceed 
the linear common-mode 
range of both input amplifiers. 


Since both input amplifiers 
are saturated 
to the nearly the 


same output voltage limit, the difference 
voltage measured 
by the output amplifier will be near zero. The output of the 
PGA204!205 
will be near OV even though both inputs are 
overloaded. 


INPUT PROTECTION 


The inputs of the PGA204!205 
are individually protected for 
voltages up to ±40V. For example, a condition of -40V 
on 
one input 
and +40V 
on the other 
input 
will not cause 
damage. Internal circuitry on each input provides low series 
impedance 
under 
normal 
signal 
conditions. 
To provide 
equivalent protection, 
series input resistors would contribute 
excessive 
noise. If the input is overloaded, 
the protection 
circuitry 
limits the input current to a safe value (approxi- 
mately 1.5mA). The typical performance 
curve "Input Bias 
Current vs Common-Mode 
Input Voltage" shows this input 
current limit behavior. 
The inputs are protected 
even if no 
power supply voltage is present. 


SWITCH 
GAIN 


POSITION 
PGA204 
PGA205 


A 
1 
1 
B 
10 
2 
C 
100 
4 
D 
1000 
8 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
SURA-BROWN 
assumes 
no responsibility 
for InaccuracIes 
or omissions. 
BURA-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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Feedback 


12 


11 


Vo 


it) 
0 


Ref 
~ 
10 
0N«0 
Q. 


{ 
: 


V,N 


{ 


13 


12 


+ 
V,N 


11 


10 


~ 
/ 
i~.= ~c , , 


= 1.59Hz 


GAIN 
A, 
Az 
A, 
A, 


1 
0 
0 
0 
0 
2 
0 
1 
0 
0 
4 
1 
0 
0 
0 
8 
1 
1 
0 
0 
16 
1 
1 
0 
1 
32 
1 
1 
1 
0 
64 
1 
1 
1 
1 
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BURR - BROWN® 
IElElI 
PGA206 
PGA207 


High-Speed 
Programmable 
Gain 


INSTRUMENTATION 
AMPLIFIER 


• 
DIGITALLY 
PROGRAMMABLE 
GAINS: 


PGA206: 
G=1, 2, 4, 8VN 
PGA207: 
G=1, 2, 5, 10VN 


• 
TRUE 
INSTRUMENTATION 
AMP INPUT 


• 
FAST SETTLING: 
3.5llS to 0.01% 


• 
FET INPUT: 
IB = 100pA 
max 


• 
INPUT PROTECTION: 
±40V 


• 
LOW OFFSET 
VOLTAGE: 
1.5mV 
max 


• 
16-PIN DIP, SOL-16 
SOIC PACKAGES 


• 
MULTIPLE-CHANNEL 
DATA ACQUISITION 


• 
MEDICAL, 
PHYSIOLOGICAL 
AMPLIFIER 


• 
PC-CONTROLLED 
ANALOG 
INPUT 
BOARDS 


A, 


Ao 


Digital 
Ground 


The PGA206 and PGA207 are digitally programmable 
gain instrumentation 
amplifiers 
that are ideally suited 
for data acquisition 
systems. 


The PGA206 
and PGA20Ts 
fast settling time allows 


multiplexed 
input channels 
for excellent 
system effi- 
ciency. FET inputs eliminate 
IB errors due to analog 
multiplexer 
series resistance. 


Gains 
are selected 
by two 
CMOSflTL-compatible 
address 
lines. Analog 
inputs are internally 
protected 
for overloads 
up to ±40V, even with the power sup- 
plies off. The PGA206 and PGA207 are laser-trimmed 
for low offset voltage and low drift. 


The PGA206 
and PGA207 
are available 
in l6-pin 
plastic DIP and SOL-16 surface-mount 
packages. Both 
are specified 
for --40°C to +85°C operation. 


Feedback 


12 
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SPECIFICATIONS 


PGA206P, 
U 
PGA206PA, 
UA 
PGA207P, 
U 
PGA207PA, 
UA 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage, RTI 
All Gains 
Initial 
TA 
"" +25°C 
±0.5 
±1.5 
±1 
±2.5 
mV 


vs Temperature 
T.: 
TM1Nto TMA)('G = 8,10 
±2 
"VI'C 
vs Power Supply 
Vs' 
±4.5V to±18V 
±5 
±20 
±10 
±40 
"VN 
Long-Term 
Stability 
4.5 
"Vim a 
Impedance, 
Differential 
1013111 
011 pF 
,.... 


Common-Mode 
1012114 
011 pF 
0 
Common-Mode 
Voltage 
Range(l) 
Vo,OV 
±(IVsf-4) 
±(lVsl-2.5) 
V 
~ 
Sale Input Voltage 
±40 
V 


Common-Mode 
Rejection 
VcM:±llV, 
<IoRs' lkO 
0 
G = 1 
80 
92 
75 
86 
dB 
N 
G = 2 
85 
96 
80 
90 
dB 
< 
G • 4 or 5 
90 
100 
84 
94 
dB 
G=80rl0 
95 
100 
84 
94 
dB 
C' 


INPUT BIAS CURRENT 
VIN"", 
0 
2 
100 
pA 
Q. 


vs Temperature 
See Typical Curve 
Offset 
Current 
I 
1 
I 
100 
pA 


vs Temperature 
See Typical 
Curve 
, 


NOISE VOLTAGE, 
RTI 
G = 8,10; Rs: 
00 
I = 10Hz 
30 
nVNHz 


I: 
100Hz 
20 
nVNHz 
tn 
I = 1kHz 
18 
nVNHz 
a: 
Ie: 
O.lHz to 10Hz 
1 
"Vp-p 
W 
Noise 
Current 
I: 
1kHz 
1.5 
fANHz 
u:: 


GAIN 
All Gains, Vo= ±11V 
::i 
Gain 
Error 
±0.01 
±C.05 
±C.l 
% 
Q. 


Gain vs Temperature(2j 
±1 
±10 
ppmf'C 


Nonlinearity 
±0.0003 
±0.002 
±0.005 
%01 FSR 
:?: 


OUTPUT 
< 
Voltage. Positive 
(V+)-4 
(V+) -2.3 
V 
Negative 
(V-) +4 
(V-) +1.5 
V 
Z 
Load Capacitance 
Stability 
1000 
pF 
0 
Short-Circuit 
Current 
±17 
mA 


~ 
FREQUENCY 
RESPONSE 


Bandwidth, -3dB 
G = 1 
5 
MHz 
G:2 
4 
- 
MHz 
~ 
G =4, 
5 
1.3 
MHz 
Z 
G: 
8,10 
600 
, 
kHz 
W 
Slew Rate 
Vo=±10V, 
G = 1to 
10 
25 
V/J!S 
:!: 
Settling 
Time, 
0.1 % 
20V Step, All Gains 
2 
J!S 
0.01% 
20V Step, All Gains 
3.5 
J!S 
::::) 


Oulput Overload 
Recovery 
50% Overdrive 
1.5 
J!S 
a: 
DIGITAL 
LOGIC INPUTS 
I- 


Digital Ground Voltage, Voo 
V- 
(V+) -4 
V 
tn 


Digijal Low Voltage 
V- 
Voo + 0.8V 
V 
Z 
Digital 
Input Current 
1 
pA 
- 
Digital High Voltage 
VDG+2 
V+ 
V 
Gain Switching 
Time 
500 
ns 


POWER SUPPLY 
Voltage Range 
±4.5 
±15 
±18 
V 
Current 
VINc OV 
+12.4/-11.2 
±13.5 
mA 


TEMPERATURE 
RANGE 


Specification 
-40 
+85 
'C 
Operating 
-40 
+125 
'C 
Thermal 
Resistance, 
9JA 
80 
'CIW 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subject 
to change 
without 
notice. No patent rights or licenses 
to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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VosAdjust 


VosAdjust 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


PGA206PA 
16-Pin Plastic DIP 
180 


PGA206P 
16-Pin Plastic DIP 
180 


PGA206UA 
SOl-16 
Surtace Mount 
211 
PGA206U 
SOl-16 
Surtace Mount 
211 


PGA207PA 
16-Pin Plastic DIP 
180 
PGA207P 
16-Pin Plastic DIP 
180 
PGA207UA 
SOL-I 6 Surtace Mount 
211 


PGA207U 
SOL-I 6 Surtace Mount 
211 


TEMPERATURE 


MODEL 
GAINS 
PACKAGE 
RANGE 


PGA206PA 
1,2,4,8VN 
16-Pin Plastic DIP 
--40'C to +85'C 
PGA206P 
1,2,4,8VN 
16-Pin Plastic DIP 
--40'C to +85'C 
PGA206UA 
1,2,4,8VN 
SOl-16 
Surtace-Mount 
--40'C to +85'C 
PGA206U 
1,2,4,8VN 
SOL·16 
Surface-Mount 
-40°C to +85°C 


PGA207PA 
1,2,5,10VN 
16-Pin 
Plastic DIP 
--40OC to +85'C 
PGA207P 
1,2,5,IOVN 
16-Pin Plastic DIP 
--40'C to +85'C 
PGA207UA 
1,2,5,IOVN 
SOl-16 
Surtace-Mount 
--40'C to +85'C 
PGA207U 
1,2,5,IOVN 
SOl-16 
Surtace-Mount 
-40OC to +85°C 


PAD 
FUNCTION 
PAD 
FUNCTION 


I 
Yo, 
9 
Vo, 


2 
- 
10 
Ref 
3 
- 
11 
Vo 


4 
ViN 
12 
Sense 
5 
Vi~ 
13 
V+ 
6 
Vos Adjust 
14 
Dig. Ground 
7 
Vos Adjust 
15 
Ao 


8 
V- 
16 
A, 


MilS 
(0.001") 
MilliMETERS 


Die Size 
182x 
140±5 
4.65 x 3.56 ±0.13 


Die Thickness 
20 ±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
None 


Supply Vo~age 
.. 
±18V 


Analog Input Voltage Range 
. 
. 
±40V 


Logic Input Voltage 
Range 
±VS 


Output Short-Circuit 
(to ground) 
Continuous 
Operating 
Temperature 
-40°C 
to + 125°C 
Storage Temperature.... 
... -40°C 
to +125°C 


Junction 
Temperature 
. 
+150°C 


Lead Temperature 
(soldering -1 Os) 
+300'C 


A ELECTROSTATIC 
i.&OISCHARGE 
SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 


propriate precautions. Failure to observe proper handling and 
installation 
procedures can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 
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TYPICAL PERFORMANCE CURVES 
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:E. 
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Cl 
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100k 
1M 


Frequency (Hz) 


120 


iil 
100 
:E.i 
80 


0ii) 
a: 
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(/) 
40 
Q; 
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Cl. 
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:--. , . "- 
, 


G=1YN 
, 
f'I 


I 
I 


+PSR----- 
, 
'" 
-PSR-- 


III 
I 
- 


lk 


~ 
3>c 


.~ 
'" 
0 
100 


.~ 
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"- 
G=l 
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G= 
10 
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100 
1k 


Frequency (Hz) 


120 


iil:E. 100 
c 
~ 
80 
0ii) 
a: 
'"Il 
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~ 
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E 
E 
40 
0 
() 


G~10U 
1/ 
"- 
~ 


G=1VN 
"- 


"- 
" 
...... 


.•..... 


lOOk 


Frequency (Hz) 


~ 
10 


'"~ 
5 
g 
.g 
0 


:::;; 


~ 
-5 
Eo 
() -10 


-5 
0 
5 


Oulput Voltage (V) 


10n 


ln 
~ 
c 
100p 
~ 
() 
10p 
gj 
iii 
'5 
lp 
0. 
S; 


1001 


"'- 


I. 


'os 


25 
50 


Temperature 
(OC) 


"-o 
~CDo 
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~ 


10M 
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TYPICAL PERFORMANCE CURVES (CONT) 


- 


~ 


- 


.••••••1-"" 


- 


I 
- 


v 
+ 


I 
- 
"";"" 
-:- 
-15V 


J 


I 
I 


Input current increases 
when the applied 
vottage exceeds the power supply vottage. 


This VII characteristic 
does not vary with 


the voltage 
applied 
to the other input. 


I 
1 
I 
1 
'1 
-6 


-40 
-30 
-20 
-10 
0 
10 


Input Vottage (V) 


, 
, 


Typical 
production 
distribution 


of packaged 
units. 


Gc8,10VN 


, 


~ 
20 
2l§ 
15 


c: 
6.~ 30 
<I> 
'" 20 
1110> 
~ 
10 


<3 
E 
=>E 
.~ 


:::;; 


Maximum 
output voltage 
without slew-rate 
limiting or 
other large-signal 
distortion. 


Dotted region is beyond 


small Sirat 
~n1wi1t1' 
I I I 


1 
lOOk 
1M 


Frequency (Hz) 


OFFSET VOLTAGE WARM-UP TIME 
100 


~ 
50 
<I> 
g> 
,g! 


() 


<I> 
'" 
.!!! 
'0> 


~ 
-50 


-100 
0 
2 
4 


Time After Turn-On 
(minutes) 


QUIESCENT 
CURRENT 


vs POWER SUPPLY VOLTAGE 


14 


< 
13 
E. 


1'" 
12 
-5S"C 
~ 
+25"C 
() 
+125°C 
1'" 
<I> 
11 
-55 
~ 
+25°C 
8 
+125"C 
10 


9 
0 
±5 
±10 
±15 
±20 


Power Supply Voltage (V) 


z 
+ 
0.01 
o 
J:•... 


G=lVN 


1k 
10k 


Frequency (Hz) 
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- 


'"r 


Vo, 
~ 
13 


PGA206 
PGA207 
Sense 


10kQ 
12 


11 
Vo 


Vo ~ G (V,~- 
V,.) 


Ref 


10k(! 
10 


8 


1~F 
Sometimes 
shown in simplified form: 


Vos 
VQ2 


~ 
Adj 


';~ 
-15V 


+ 
PGA206 
Vo 


VIN 
+ 


A, 
A" 


GAIN 


PGA206 
PGA207 
A, 
A" 


1 
1 
0 
0 
2 
2 
0 
1 
4 
5 
1 
0 
8 
10 
1 
1 


Figure I shows the circuit diagram for basic operation of the 
PGA206 
or PGA207. 
Applications 
with noisy or high im- 


pedance power supplies may require decoupling 
capacitors 
close to the device pins as shown. 


The output is referred to the output reference (Ref) terminal 
which is normally grounded. This must be a low-impedance 
connection 
to assure good common-mode 
rejection. A resis- 


tance of 2Q in series with the Ref pin will cause a typical 
device to degrade to approximately 
80dB CMR (G = I). 


The output sense connection 
(pin 12) must be connected 
to 
the output 
terminal 
(pin 
II) 
for proper 
operation. 
This 
connection 
can be made at the load for best accuracy. 


DIGITAL 
INPUTS 


The digital inputs Ao and Al select the gain according to the 
logic table in Figure 
1. Logic "I" 
is defined 
as a voltage 
greater 
than 2V above 
digital 
ground 
potential 
(pin 
14). 


Digital ground 
can be connected 
to any potential 
ranging 
from the V- 
power 
supply 
to 4V less than V+. Digital 


ground is usually equal to analog ground potential 
and the 
two grounds are connected 
at the power supply. The digital 


inputs interface directly to CMOS and TTL logic. 


A nearly constant current of approximately 
1.2mA flows in 


the digital ground pin. It is good practice to return digital 
ground 
through 
a separate 
connection 
path so that analog 


ground is not affected by the digital ground current. 


The digital inputs, Ao and AI' are not latched. A change in 
logic input immediately 
selects a new gain. Switching 
time 
of the logic is approximately 
500ns. The time to respond to 
gain change is equal to switching time, plus the time it takes 
the amplifier to settle to a new output voltage in the newly 
selected gain (see settling time specifications). 


Many applications 
use an external logic latch to acquire gain 
control data from a high speed digital bus. Using an external 
latch 
isolates 
the high 
speed 
digital 
bus from 
sensitive 
analog circuitry. 
Locate the digital latch as far as practical 
from analog circuitry 
to avoid coupling 
digital noise into 
analog input circuitry. 


OFFSET 
VOLTAGE 
ADJUSTMENT 


The PGA206 
and PGA207 
are laser trimmed for very low 


offset voltage and drift. Many applications 
require no exter- 


nal offset adjustment. 
Multiplexed 
data acquisition 
systems 
generally 
correct 
offset 
by grounding 
the inputs 
of one 
channel to measure offset voltage. Stored offset values for 
each gain are then subtracted 
from subsequent 
readings of 
other channels. 


Figure 2 shows optional offset voltage trim circuits. Offset 
voltage changes 
with the selected gain. To adjust for low 
offset voltage in all gains, both input and output offsets must 
be trimmed. 


BURR-BROWN~ 
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Products 
11:11:11 


v;;; 


16 
A, 


Ao 
15 


Digital 
14 


Ground 


VI~ 


Optional 
Input Offset Adjustment 
R 


1 


200kil 


(100kil to 500kil) 


y+ 


Rj adjusts the offset of the input amplifiers. 
Output stage 
offset is adjusted 
with R2. A buffer op amp is required 
in 
the output 
offset 
adjustment 
circuit, 
as shown, 
to assure 
that the Ref pin is driven by a low source impedance. 
To 
adjust for low offset voltage 
in all gains, first adjust the 
input 
stage 
offset 
in the highest 
gain. 
Then 
adjust 
the 


output stage offset (R2) in G = 1. Iterate the adjustments 
for 


lowest offset in all gains. 


Offset can also be adjusted 
under processor 
control with a 


D/A converter 
as shown 
in Figure 
2. The D/A's 
output 
voltage 
can be reduced 
with a resistor 
divider 
for better 


adjustment 
resolution, 
but an op amp buffer following 
the 
divider 
is required 
to provide 
a low source impedance 
to 


the ref terminal. 
A different 
offset 
value is required 
for 
each amplifier 
gain. 


INPUT 
BIAS CURRENT 
RETURN 
PATH 


The FET inputs of the PGA206 
and PGA207 
provide ex- 
tremely high input impedance. 
Still, a path must be provided 
for the bias current of each input. Figure 3 shows provisions 
for an input bias current path. Without a bias current return 
path, the inputs will float to a potential 
which exceeds the 
linear 
input 
voltage 
range 
and the input 
amplifiers 
will 


saturate. 


If the differential 
source resistance 
is low, a bias current 
return path can be connected to only one input (see thermo- 
couple example in Figure 3). With higher source impedance, 
using two resistors provides a balanced 
input with possible 


advantages 
of lower input offset voltage due to bias current 
and better common-mode 
rejection. 


Many sources or sensors inherently provide a path for input 
bias current 
(e.g. the bridge 
sensor 
shown 
in Figure 
3). 
These applications 
do not require additional 
resistor(s) 
for 
proper operation. 


PGA206 
PGA207 


10kil 
12 


11 
Yo 


VREF 


10kil 
10 


Resistors can be substituted 
for REF200. 
Power supply 


rejection will be degraded. 


Microphone, 
Hydrophone 
etc. 
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Channel 
4/ 
-=- 


Software-Zero 


INPUT COMMON-MODE 
RANGE 


The linear input voltage range of the PGA206 and PGA207 
is from approximately 
2.3V below the positive supply volt- 
age to 1.5V above the negative 
supply. 
As a differential 
input voltage causes output voltage to increase, however, the 
linear input range is limited by the output voltage swing of 
amplifiers 
AI and A2. So the linear common-mode 
input 
range 
is related 
to the 
output 
voltage 
of the 
complete 
amplifier. 
This behavior 
also depends on supply voltage- 


see performance 
curves 
"Input 
Common-Mode 
Range 
vs 
Output Voltage". 


Input overload 
can produce an output voltage that appears 
normal. For example, 
if an input overload condition 
drives 
both input amplifiers to their positive output swing limit, the 
difference 
voltage measured by the output amplifier will be 
near zero. The output of the PGA206 
or PGA207 
will be 
near 
OV even 
though 
both 
inputs 
are overloaded. 
This 
condition can be detected by sensing the voltage on the VOl 
and V02 pins to determine 
whether 
they are within 
their 
linear operating 
range. 


INPUT PROTECTION 


The inputs of the PGA206 
and PGA207 
are individually 
protected for voltages up to ±40V. For example, a condition 
of -40V on one input and +40V on the other input will not 
cause damage. Internal circuitry on each input provides low 
series impedance under normal signal conditions. If l:heinput 
is overloaded, the protection circuitry limits the input current 
to a safe value. The typical performance 
curve "Input Over- 


load Vfl Characteristic" 
shows this behavior. The inputs are 
protected even if no power supply voltage is appli(,d. 


MULTIPLEXED 
INPUTS 


The PGA206 
and PGA207 
are ideally 
suited for multiple 
channel data acquisition. 
Figure 4 shows a typical applica- 
tion with an analog multiplexer 
used to connect one of four 
differential 
input signals to a single PGA207. 


Careful circuit layout will help preserve accuracy 
of multi- 
plexed signals. Run the inverting and non-inverting 
connec- 
tions of each channel parallel to each other over a ground 
plane, or directly adjacent on top and bottom of the circuit 
board. Grounded guard traces between channels help reduce 
stray signal pick-up. 


Multiplexed 
signals from high impedance 
sources 
require 
special 
care. As inputs 
are switched 
by the multiplexer, 
charge can be injected into the SOurce, disturbing 
the input 
signal. 
Since many such sources 
involve 
slow signals, 
a 
simple RlC filter at the input can be used to dramatically 
reduce this effect. The arrangement 
shown filters both the 
differential 
signal and common-mode 
noise. 
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'" 
Equal to input 
common-mode 
vottage. 


GAIN 
(VNj 
A, 
Ao 
A, 
Ao 


1 
0 
0 
0 
0 
2 
0 
1 
0 
0 
5 
1 
0 
0 
0 


10 
1 
1 
0 
0 
20 
0 
1 
0 
1 


50 
1 
0 
0 
1 


100 
1 
1 
0 
1 


200 
0 
1 
1 
0 


500 
1 
0 
1 
0 


1000 
1 
1 
1 
0 


BURR - BROWN® 
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Precision 4mA to 20mA 
CURRENT LOOP RECEIVER 


• 
COMPLETE 
4-20mA TO 0·5V CONVERSION 


• 
INTERNAL 
SENSE RESISTORS 


• 
PRECISION 
10V REFERENCE 


• 
BUILT·IN 
LEVEL·SHIFTING 


• 
±40V COMMON·MODE 
INPUT RANGE 


.0.1% 
OVERALL 
CONVERSION 
ACCURACY 


• 
HIGH NOISE IMMUNITY: 
86dB CMR 


The RCV420 is a precision current-loop 
receiver de- 
signed to convert a 4-20mA 
input signal into a 0-SV 
output signal. As a monolithic 
circuit, it offers high 
reliability 
at low cost. The circuit consists of a pre- 
mium grade operational amplifier, an on-chip precision 
resistor network, and a precision 
JOV reference. The 
RCV 420 features 
0.1 % overall conversion 
accuracy, 
86dB CMR, and ±40V common-mode 
input range. 


The circuit introduces 
only a l.SV drop at full scale, 
which is useful in loops containing 
extra instrument 
burdens 
or in intrinsically 
safe applications 
where 


• 
PROCESS 
CONTROL 


• 
INDUSTRIAL 
CONTROL 


• 
FACTORY 
AUTOMATION 


• 
DATA ACQUISITION 


• 
SCADA 


• 
RTUs 


• 
ESD 
• 
MACHINE 
MONITORING 


transmitter 
compliance 
voltage is at a premium. 
The 
10V reference 
provides 
a precise 
10V output with a 
typical drift of Sppm/°C. 


The RCV420 is completely self-contained 
and offers a 
highly versatile function. 
No adjustments 
are needed 
for gain, offset, or CMR. This provides three important 
advantages over discrete, board-level designs: 1) lower 
initial design cost, 2) lower manufacturing 
cost, and 3) 
easy, cost-effective 
field repair of a precision circuit. 


BURR - BROWNi& 
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SPECIFICATIONS 


ELECTRICAL 


RCV420AG 
RCV420BG 
RCV420KP, 
JP 


CHARACTERISTICS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GAIN 
Initial 
0.3125 
V/mA 
Error 
0.025 
0.1 
0.05 
0.05 
0.15 
% of span 
Error-JP 
Grade 
0.25 
% of span 
vs Temp 
15 
50 
25 
ppml"C 
Nonlinearity(1) 
0.0002 
0.002 
% of span 


OUTPUT 
Rated Voltage (10 : +1OmA, -5mA) 
10 
12 
V 
Rated Current (Eo: 
10V) 
+10,--5 
mA 
C 
Impedance 
(Differential) 
0.01 
n 
N 
Current Limit (To Common) 
+49, -13 
mA 
~ 
Capacitive 
Load 
1000 
pF 
> 
(Stable Operation) 
0 
INPUT 
a: 
Sense Resistance 
74.25 
75 
75.75 
n 


Input Impedance 
(Common-Mode) 
200 
kn 


Common-Mode 
Voltage 
±40 
V 
, 
CMRl2j 
72 
80 
86 
94 
70 
dB 
vs Temp (DC) (TA: 
T MIN to T MAX) 
66 
76 
80 
90 
dB 
AC 60Hz 
80 
94 
dB 
en 
OFFSET VOLTAGE 
(RTO)13) 
a: 
Initial 
1 
mV 
W 
vs Temp 
10 
50 
25 
J!V/"C 
vs Supply (±11.4V to ±18V) 
74 
90 
80 
dB 
i:i: 


vs Time 
200 
J!Vlmo 
:J 
ZERO ERROR!') 
Do 


Initial 
0.01 
0.05 
0.025 
0.025 
0.075 
% of span 
::a: 
Initial-JP 
Grade 
0.15 
% of span 
vs Temp 
10 
50 
25 
ppm of 
<C 
spanl"C 
Z 
OUTPUT 
NOISE VOLTAGE 
0 
fe: 
0.1Hz to 10Hz 
50 
J!Vp-p 
fo: 
10kHz 
800 
nVl-IHz 
i= 
DYNAMIC 
RESPONSE 
j5 
Gain Bandwidth 
150 
kHz 
Full Power Bandwidth 
30 
kHz 
Z 
Slew Rate 
1.5 
V/J!s 
W 
Settling Time (0.01 %) 
10 
J!s 
::a: 
VOLTAGE 
REFERENCE 
::) 
Initial 
9.995 
10.005 
9.99 
10.01 
V 
Trim 
Range(S) 
±4 
% 
a: 
VB Temp(6) 
5 
20 
ppm/"C 
t- 


vs Supply (±11.4V to ±18V) 
0.0002 
%N 
en 
vs Output Current (10= 0 to +1OmA) 
0.0002 
%/mA 
Z 
vs Time 
15 
ppmlkHr - 
Noise (0.1Hz to 10Hz) 
5 
J!Vp-p 
Output Current 
+10, -2 
mA 


POWER SUPPLY 
Rated 
±15 
V 
Voltage Range(7l 
--5, +11.4 
±18 
V 
Quiescent 
Current (Vo : OV) 
3 
4 
mA 


TEMPERATURE 
RANGE 
Specification 
-25 
+85 
0 
+70 
"C 


Operation 
-55 
+125 
-25 
+85 
"C 
Storage 
-65 
+150 
-40 
+85 
"C 


·Specification 
same as RCV420AG. 


NOTES: 
(1) Nonlinearity 
is the max peak deviation 
from best fit straight 
line. (2) With 0 source 
impedance 
on Rcv Com pin. (3) Referred 
to output 
with all inputs 


grounded 
including 
Ref In. (4) With 4mA input signal and Voltage 
Reference 
connected 
(includes 
Vos, Gain Error, and Voltage 
Reference 
Errors). 
(5) External 
trim 
slightly affects drift. (6) The "box method" is used to specify output voltage drift vs temperature. 
(7) 10Ref = 5mA, 10Rev : 2mA. 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subject 
to change 
without 
notice. No patent rights or licenses 
to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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ABSOLUTE 
MAXIMUM 
RATINGS 
PIN CONFIGURATION 


Top View 
DIP 


-In 
16 
V+ 


CT 
Rev I. 


+In 
Rev Out 


V- 
Rev Com 


Ref Com 
Ref In 


NC 
Ref Out 


Ref Noise Reduction 
Reff. 


RefTrim 
8 
9 
NC 


PERFORMANCE 
MODEL 
GRADE 
PACKAGE 


RCV420AG 
-25°C 
to +85°C 
16-Pin Hermetic DIP 
RCV420BG 
-25°C 
to +85°C 
16-Pin 
Hermetic 
01P 
RCV420KP 
O°C to +70°C 
16-Pin Plastic DIP 
RCV420JP 
OOCto +70°C 
16-Pin Plastic DIP 


Supply........ 
. 
±22V 


Input Current, 
Continuous 
40mA 


Input Current Momentary, 0.1s. 
. 
250mA, 1% Duty Cycle 


Common-Mode 
Input Voltage, 
Continuous 
.. 
... ±40V 


Lead Temperature 
(soldering, 
10s).. 
.. 
+300°C 


Output Short Circuit to Common 
(Rev and Ref). 
.. 
Continuous 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERt') 


RCV420AG 
16-Pin Hermetic DIP 
109 


RCV420BG 
16-Pin Hermetic DIP 
109 


RCV420KP 
16-Pin Plastic DIP 
180 


RCV420JP 
16-Pin Plastic DIP 
180 
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TYPICAL PERFORMANCE CURVES 


-80 
~ 
-70 
"g>.• 
-80 
0: 
" 
"8 
--50 
::;.: 
0 
E 
-40 
E 
0tl 
--30 
~~ -20 
l6'z 


~ 


~ 
70 
.• 
0: 


~ 
60 


o 
~ 
50 
8 


.~ 
40 


'inti. 


Max Rating: 
40V 


--t--Y--- 
-Vs = -5V ''1-20V 


16 
17 
18 
19 
30 
11 I 12 


11,4 


COMMON-MODE REJECTION 


vs FREQUENCY 


-100 


-94 


-80 
iil 
RCV420AG, P 
~ 
0:::;tl 


-60 


-40 


1 
10 
100 
lk 
10k 
lOOk 


Frequency (Hz) 


-100 


-90 


-80 
iil~ 
0: 
(f) 
0- 


-60 
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- 
,.- 
- 
"'- 
- 
r-- 


"'- 


V+ 
~- 
~ 
- 
"\ 
- 
r-- 


"- 
- 
- 
- 
>- 


100 
lk 


Frequency (Hz) 


• 


Refer to the figure on the first page. For D-5V output with 
4-20mA 
input, the required transimpedance 
of the circuit is: 


VoUT/IIN = 5V/16mA = 0.3125V/mA. 


To achieve 
the desired 
output 
(OV for 4mA and 5V for 
20mA), 
the output 
of the amplifier 
must be offset by an 
amount: 


Vos = -(4mA)(0.3125V/mA) 
= -1.25V. 


The input current signal is connected 
to either +In or -In, 
depending 
on the polarity 
of the signal, 
and returned 
to 
ground through the center tap, CT' The balanced input-two 
matched 750 sense resistors, Rs-provides 
maximum rejec- 
tion of common-mode 
voltage signals on ~ 
and true differ- 


ential 
current-to-voltage 
conversion. 
The 
sense 
resistors 
convert the input current signal into a proportional 
voltage, 
which is amplified by the differential 
amplifier. The voltage 
gain of the amplifier 
is: 


AD = 5V/(l6mA)(750) 
= 4.1667VN. 


The 
tee network 
in the feedback 
path 
of the amplifier 
provides a summing junction 
used to generate the required 
-1.25V 
offset voltage. The input resistor network provides 
high-input 
impedance 
and attenuates 
common-mode 
input 
voltages 
to levels suitable 
for the operational 
amplifier's 
common-mode 
signal capabilities. 


BASIC POWER 
SUPPLY 
AND SIGNAL 
CONNECTIONS 


Figure 1 shows the proper connections 
for power supply and 
signal. Both supplies 
should be decoupled 
with IllF tanta- 
lum capacitors as close to the amplifier as possible. To avoid 
gain and CMR errors 
introduced 
by the external 
circuit, 
connect grounds as indicated, being sure to minimize ground 
resistance. 
The input signal should be connected 
to either 
+In or -In, depending on its polarity, and returned to ground 
through the center tap, CT' The output of the voltage refer- 
ence, 
Ref 
Out, 
should 
be connected 
to Ref In for the 


GAIN AND OFFSET 
ADJUSTMENT 


Figure 2 shows the circuit for adjusting 
the RCV420 
gain. 
Increasing 
the gain of the RCV420 
is accomplished 
by 
inserting a small resistor in the feedback path of the ampli- 
fier. Increasing the gain using this technique results in CMR 
degradation, 
and therefore, gain adjustments 
should be kept 
as small as possible. For example, 
a 1% increase in gain is 
typically 
realized 
with 
a 1250 
resistor, 
which 
degrades 
CMR by about 6dB. 


A decrease 
in gain can be achieved 
by placing 
matched 
resistors 
in parallel with the sense resistors, 
also shown in 
Figure 
2. The 
adjusted 
gain 
is given 
by the following 
expression 
VoUT/IIN = 0.3125 x Rx/(Rx 
+ Rs). 


A 
1% decrease 
in gain 
can be achieved 
with a 7.5kn 
resistor. 
It is important 
to match the parallel resistance 
on 
each sense resistor to maintain 
high CMR. The TCR mis- 
match between 
the two external 
resistors 
will effect gain 
error drift and CMR drift. 


There are two methods for nulling the RCV 420 output offset 
voltage. The first method applies to applications 
using the 
internal 
10V reference 
for level shifting. For these applica- 


-In 
±O.5% Gain 
Adjustment 


CT 
101dWI 
Rx 


10klWI 
Rx 
Rev Out 
+In 


12 
Ref In 


15 
Revf. 


Rev Out 


RefOuI 


Reff. 
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tions, the voltage 
reference 
output 
trim procedure 
can be 
used to null offset errors at the output of the RCV 420. The 
voltage reference 
trim circuit is discussed 
under "Voltage 
Reference." 


When the voltage reference 
is not used for level shifting or 
when large offset adjustments 
are required, 
the circuit 
in 
Figure 3 can be used for offset adjustment. 
A low impedance 
on the Rcv Com pin is required to maintain high CMR. 


ZERO ADJUSTMENT 


Level shifting the RCV420 output voltage can be achieved 
using 
either 
the Ref 
In pin or the Rcv 
Com 
pin. 
The 
disadvantage 
of using the Ref In pin is that there is an 8:1 
voltage attenuation from this pin to the output of the RCV420. 
Thus, use the Rcv Com pin for large offsets, because 
the 
voltage on this pin is seen directly at the output. Figure 4 
shows the circuit used to level-shift the output of the RCV420 


FIGURE 3. Optional Output Offset Nulling Using External 
Amplifier. 


using the Rcv Com pin. It is important 
to use a low-output 
impedance amplifier to maintain high CMR. With this method 
of zero adjustment, 
the Ref In pin must be connected 
to the 
Rcv Com pin. 


Two factors 
are important 
in maintaining 
high CMR: (1) 
resistor matching and tracking (the internal resistor network 
does this) and (2) source impedance. 
CMR depends on the 
accurate matching of several resistor ratios. The high accu- 
racies 
needed 
to maintain 
the specified 
CMR 
and CMR 
temperature 
coefficient 
are difficult 
and expensive 
to reli- 
ably achieve with discrete components. 
Any resistance 
im- 
balance 
introduced 
by external 
circuitry 
directly 
affects 
0 
CMR. These imbalances 
can occur by: mismatching 
sense 
~ 
resistors 
when gain is decreased, 
adding resistance 
in the > 
feedback 
path when gain is increased, 
and adding 
series 
0 
resistance 
on the Rcv Com pin. 
a: 


The two sense resistors are laser-trimmed 
to typically match 
4 


within 0.01 %; therefore, 
when adding parallel resistance 
to 
decrease gain, take care to match the parallel resistance 
on 
each sense resistor. To maintain high CMR when increasing 
the gain of the RCV 420, keep the series resistance 
added to 
the feedback network as small as possible. Whether the Rcv 
Com pin is grounded or connected to a voltage reference for 
level shifting, keep the series resistance on this pin as low as 
possible. 
For example, 
a resistance 
of 20Q 
on this pin 
degrades 
CMR 
from 
86dB 
to approximately 
80dB. 
For 
applications 
requiring 
better than 86dB CMR, the circuit 
shown in Figure 5 can be used to adjust CMR. 


PROTECTING 
THE SENSE 
RESISTOR 


The 75Q sense resistors are designed for a maximum 
con- 
tinuous 
current 
of 40mA, 
but can withstand 
as much as 
250mA 
for up to O.ls (see absolute 
maximum 
ratings). 


There are several 
ways to protect 
the sense resistor 
from 


Procedure: 
1. Connect CMV to CT' 
2. Adjust potentiometer 
for near zero 
at the output. 


200n 
CMR 
Adjust 
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overcurrent 
conditions exceeding these specifications. 
Refer 
to Figure 6. The simplest 
and least expensive 
method is a 
resistor as shown in Figure 6a. The value of the resistor is 
determined 
from the expression 


Rx = Vcc/40mA 
- 750. 


and the full scale voltage drop is 


VRX = 20mA x Rx. 


For a system operating off of a 32V supply Rx = 7250. and 
VRX = 14.5V. In applications 
that cannot tolerate 
such a 
large voltage 
drop, use circuits 
6b or 6c. In circuit 
6b a 
power JFET and source resistor are used as a current limit. 
The 2000. potentiometer, 
Rx, is adjusted to provide a current 
limit of approximately 
30mA. This circuit introduces 
a 1- 
4V drop at full scale. If only a very small series voltage drop 
at full scale can be tolerated, then a 0.032A series 217 fast- 
acting fuse should be used, as shown in Figure 6c. 


For automatic fold-back protection, 
use the circuit shown in 
Figure IS. 


The RCV420 contains a precision 
10V reference. 
Figure 8 
shows the circuit for output voltage adjustment. 
Trimming 
the output will change 
the voltage drift by approximately 
0.007ppmf'C 
per mV of trimmed voltage. Any mismatch in 
TCR between 
the two sides of the potentiometer 
will also 
affect drift, but the effect is divided by approximately 
5. The 
trim range of the voltage 
reference 
using this method 
is 
typically ±4oom V. The voltage reference trim can be used to 
trim offset errors at the output of the RCV 420. There is an 
8: I voltage attenuation 
from Ref In to Rcv Out, and thus the 
trim range at the output of the receiver is typically ±50mV. 


The high-frequency 
noise (to IMHz) 
of the voltage refer- 
ence is typically 
1mVp-p. When the voltage 
reference 
is 
used for level shifting, its noise contribution 
at the output of 
the receiver is typically 
125f..lVp-pdue to the 8: I attenuation 
from Ref In to Rcv Out. The reference noise can be reduced 
by connecting 
an external 
capacitor 
between 
the Noise 
Reduction 
pin and ground. 
For example, 
O.llJF capacitor 
reduces the high-frequency 
noise to about 2oof..lVp-p at the 
output of the reference 
and about 25f..lVp-p at the output of 
the receiver. 


±400mV 
adjustment 
at output of reference, 
and ±50mV 
adjustment 
at output of receiver 
if reference 
is used for 
level shifting. 
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Vo 
(0-5V) 


Vo 
«()-5V) 


Gnd on PWS740 


V-=-15V 
on PWS740 


NOTE: 
(1) RCM and RG are used to provkte a first order correction of CMR 
and Gain Error, respectively. 
Table 1 gives typical resistor values for RCM 
and RG when 
as many as three 
RCV420s 
are stacked. 
Table 
II gives 
typical CMR 
and Gain 
Error with no correction. 
Further improvement 
in 
CMR 
and Gain 
Error can be achieved 
using a 500kn 
potentiometer 
for 
RCM 
and a 1000 
potentiometer 
for RG. 


RCV420 
RCM(kQ) 
Ra(n) 


1 
00 
0 


2 
200 
7 
3 
67 
23 


RCV420 
CMR(dB) 
GAIN ERROR % 


1 
94 
0.025 


2 
66 
0.075 


3 
62 
0.200 


TABLE II. Typical CMR and Gain Error 
Without Correction. 


I 
NOTE: (1) Rx = R"J (co ••x -1) 
16mA 
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1.27kQ 


10kQ 
0N 


10kQ 
'l:t 


10kQ 
>0 


6.95V 
a: 


AT&T 
LH1191 
Solid-State 


Relay 


I 
l~F 


-:- 
Overrange 
Output 


-15V 


4 


RCV420 


0-20mA 
I 


Input 
: 
I 


15 


11.5kQ 
14 
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Precision, 
Low Drift 
4-20mA TWO-WIRE 
TRANSMITTER 


FEATURES 


• 
INSTRUMENTATION 
AMPLIFIER 
INPUT 
Low Offset 
Voltage, 
30/lV max 
Low Voltage 
Drift, 0.75/lV/oC 
max 


Low Nonlinearity, 
0.01% max 


• 
TRUE TWO-WIRE 
OPERATION 
Power 
and Signal 
on One Wire Pair 


Current 
Mode Signal 
Transmission 
High Noise 
Immunity 


• 
DUAL MATCHED 
CURRENT 
SOURCES 


• 
WIDE SUPPLY 
RANGE: 
11.6V to 40V 


• 
-40°C 
to +85°C SPECIFICATION 
RANGE 


• 
SMALL 
14-PIN DIP PACKAGE, 
CERAMIC 
AND PLASTIC 


The 
XTR101 
is a microcircuit, 
4-20mA, 
two-wire 
transmitter 
containing 
a high accuracy 
instrumenta- 
tion amplifier (lA), a voltage-controlled 
output current 
source, and dual-matched 
precision current reference. 


This combination 
is ideally suited for remote signal 
conditioning 
of a wide variety of transducers 
such as 
thermocouples, 
RTDs, thermistors, 
and strain gauge 
bridges. 
State-of-the-art 
design 
and laser-trimming, 


wide temperature 
range operation and small size make 
it very suitable for industrial process control applica- 
tions. In addition, 
the optional 
external transistor 
al- 
lows even higher precision. 


The two-wire 
transmitter 
allows signal and power to 
be supplied 
on a single wire-pair 
by modulating 
the 
power supply current with the input signal source. The 
transmitter 
is immune to voltage drops from long runs 


and noise from motors, 
relays, 
actuators, 
switches, 
transformers, 
and industrial equipment. 
It can be used 
by OEMs producing 
transmitter 
modules or by data 
acquisition 
system manufacturers. 


APPLICATIONS 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Pressure 
Transml"ers 
Temperature 
Transmi"ers 


Millivolt 
Transmi"ers 


• 
RESISTANCE 
BRIDGE INPUTS 


• 
THERMOCOUPLE 
INPUTS 


• 
RTD INPUTS 


• 
CURRENT 
SHUNT (mV) INPUTS 


• 
PRECISION 
DUAL CURRENT 
SOURCES 


• 
AUTOMATED 
MANUFACTURING 


• 
POWER/PLANT 
ENERGY SYSTEM 
MONITORING 


Optional 
External 
Transistor 
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SPECIFICATIONS 


ELECTRICAL 
At TA - +25°C, 
+Vcc = 24VDC, 
RL:: 
loon 
with external transistor connected, 
unless othelWise 
noted 


I 
XTR101AG 
XTR101BG 
I 
XTR101AP 
I 
XTR101AU 
I 


PARAMETER 
CONDITIONS 
I MIN 
TYP 
MAX 
MIN 
TYP I MAX I MIN 
TYP 
I MAX I MIN I TYP 
MAX I UNITS 


OUTPUT ANO LOAD CHARACTERISTICS 


Current 
Unoar Operating Region 
4 
20 
mA 


Derated Pertonnance 
3.8 
22 
mA 


Current 
Umit 
28 
38 
31 
31 
mA 


Offset Current 
Error 
los, 10= 4mA 
t3.9 
tl0 
t2.5 
±6 
±8.5 
t19 
t8.5 
t19 
jJA 


vs Temperature 
Alos/AT 
tl0.5 
t20 
±8 
t15 
tl0.5 
t20 
ppm, FSt'C 


Full scale Output Current Error 
Full scale. 
20mA 
±20 
t40 
t15 
t30 
t30 
t60 
t30 
±60 
jJA 


Power Supply Vonage 
Vce, Pins 7 and 8, 
+11.6 
140 
VDC 
Compliancel') 


Load Resistance 
At Vce • +24V, 10• 20mA 
600 
600 
0 
~ 
At Vce • t40V, 
10• 20mA 
1400 
1400 
0 
0 


SPAN 
~ 


Output Current 
Equation 
Rs in OJ 81 and 82 in V 
io = 4mA + [0.0160 + (4O/RsH (e, - e,) 
a: 
Span Equation 
As in n 
S. 
(0.0160 + (4OJRsll 
fVV 
••• 
vs Temperature 
Exduding TCR of Rs 
±30 
tl00 
ppmI'C 
>< 
Untrimmed Errml'l 
EsP", 
-5 
-2.5 
0 
% 


Nonlinearity 
~ 
0.01 
% 


Hysteresis 
0 
% 
, 
Dead Band 
0 
% 


INPUT CHARACTERISTICS 
Impedance: [);fferen1ial 
0.4113 
0011 pF 
en 
Common -Mode 
10113 
. " 


0011 pF 


Vonage Range, Full Scale 
Ae • (e, - e,)~) 
0 
I 
V 
a: 


Offset Vonage 
Vos 
t30 
t60 
±20 
t30 
tl00 
tl00 
~V 
W 


vs Temperature 
AVc./AT 
to.75 
t1.5 
to.35 
to.75 
~VI'C 
u: 
Power Supply Rejectioo 
AVcdPSRR 
• Vos Error 
110 
125 
122 
110 
122 
dB 
Bias Current 
I, 
60 
150 
nA 
:J 
vs Temperature 
AIgAT 
0.30 
I 
nAI'C 
Q. 


Offset Current 
losl 
10 
t30 
±20 
I" 
nA 
:E 
vs Temperature 
AIosIAT 
0.1 
0.3 
nAI'C 


Common-Mode 
Rejectionl') 
DC 
90 
100 
dB 
« 
Common-Mode 
Range 
e, and e2 wi1!I Respect 


to Pin 7 
4 
6 
V 
Z 


CURRENT SOURCES 
0 


Magnitude 
1 
mA 


~ 


Accuracy 
Vrx·24V, 


V~a-VPtfl00ll:O 
19V 
R, • 5kll, 
FIQ. 5 
to.05 
to.t? 
to.025 
to.075 
to.2 
to.37 
to_2 
to.37 
% 
••• 


vs Temperature 
±SO 
tOO 
t30 
±SO 
ppmI'C 
Z 


vs Vce 
t3 
ppmN 
W 


vs Time 
t8 
ppmlmonth 
:E 
Compliance 
Vonage 
Wnh Respect to Pin 7 
0 
Vcc -3.5 
V 
Ratio Match 
Tracking 
::» 


Accuracy 
(1 - IREFI"REF2l 
X 100% 
to.014 
to.05 
to.OO9 
to.04 
to.031 
to.068 
to.031 
to.088 
% 
a: 


vs Tempeature 
t15 
10 
ppmI'C 
••• 
vs Vce 
tl0 
ppmN 
en 
vs Time 
tl 
ppmlmonth 
Z 
Output Impedance 
10 
20 
15 
15 
MO - 
TEMPERATURE 
RANGE 


Specification 
--40 
t85 
--40 
t85 
·c 


Operating 
-55 
+125 
--40 
t85 
--40 
t85 
'C 


Storage 
-55 
+165 
-55 
+125 
-55 
+125 
·c 


'Same 
as XTR1 01AG. 


NOTES: (1) See Typical Performance Curves. (2) Span error shown is untrimmed and may be adjusted to zero. (3) e, and e2are signals on the -In and +In terminaJs 
with respect to the output, pin 7. While the maximum permissible.1.e is 1V, it is primarily intended for much lower input signal levels, e.g., 10mV or SOmV full scale 
for the XTR1 01A and XTR1 01B grades respectively. 
2mV FS is also possible with the B grade, but accuracy will degrade due to possible errors in the low value 
span resistance 
and very high amplification 
of offset, drift, and noise. (4) Offset voltage is trimmed with the application 
of a SV common~mode 
voltage. Thus the 
associated 
common· mode error is removed. See Application 
Information 
section. 


The information provided herein is believed to be reliable; however, BURR~8ROWN assumes no responsibility for inaccuracies or omissions. BURR~BROWN assumes 
no responsibility 
for the use of thIS Information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR~BROWN product for use in life support devices and/or systems. 
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Top View 
DIP 
Top View 
SOIC 


Zero Adjust 
Zero Adjust 
16 
Zero Adjust 
Zero Adjust 
14 


Bandwidth 
Zero Adjust 
Bandwidth 
Zero Adjust 


-In 
BControl 
-In 
B Control 


SOl·16 
IREF2 
+In 
DIP 
IREF2 


+In 
Surface-Mount 


Span 
IREF1 


Span 
IREF1 


Span 
E 
Span 
E 


Out 
S 
+Vcc 


Out 
+Vcc 


NC 
S 
9 
NC 


Power Supply, +Vcc 
. 
40V 
Input Voltage, 
e1 or e2 
~VOUT' :5+Vcc 


Storage 
Temperature 
Range, 
Ceramic 
. 
-55°C 
to +165°C 
Plastic 
. -55·C 
to +125·C 
lead 
Temperature 
(soldering 
10s) G, P 
. 
+300·C 


(wave soldering, 
3s) U 
+260·C 


Output Short-Circuit 
Duration 
Continuous 
+Vcc to lOUT 
Junction Temperature 
. 
+165°C 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


XTR101AG 
14-Pin 
Ceramic 
DIP 
-40·C 
to +S5·C 
XTR101BG 
14-Pin 
Ceramic 
DIP 
-40·C 
to +S5·C 
XTR101AP 
14-Pin Plastic DIP 
-40·C 
to +S5·C 


XTR101AU 
16-Pin SOIC 
-40·C 
to +S5·C 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Zero Adjust 
S 
+Vcc 


2 
Zero Adjust 
9 
E 
3 
-In 
10 
IREF1 
4 
+In 
11 
IREF2 
5 
Span 
12 
B Control 
6 
Span 
13 
Bandwidth 
7 
Out 
14 
Zero Adjust 


MilS 
(0.001") 
MilliMETERS 


Die Size 
150.105±5 
3.S1 • 2.67 ±0.1 3 
Die Thickness 
20 ±3 
0.51 ±O.OS 
Min. Pad Size 
4.4 
0_10.0.10 


Backing 
Gold 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


XTR101AG 
14~PinCeramic 
DIP 
169 


XTR101BG 
14-Pin 
Ceramic 
DIP 
169 
XTR101AP 
14-Pin Plastic DIP 
010 
XTR101AU 
16-Pin SOIC 
211 
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SPAN vs FREQUENCY 


80 


P 
Rs = 25n 
Cc=O 


E 
S- 
60 
Rs = 100n 
...J 
0~ 
Rs =400n 
1lc: 
40 
.• 
Rs = 2kn 
g 
-g 
Rs=- 
~ 
20 
~ 


0 


100 
1k 
10k 
100k 


Frequency (Hz) 


FULL SCALE INPUT VOLTAGE vs Rs 
Rs(kn) 


0 
4 
6 
0.08 


0.06 
~ 
a> 
~ 0.04 
"5 
u. 
'" 
a> 
<I 
0.02 


, 
0 to 80mV (low level signals) 
and 0 to 400n scale 
0 


0 
100 
200 
300 


Rs(n) 


~ 
~ 
""- 


~ 
""- 


en 
120 
:!< 


c: 
100 
o 


~ 
80 
.., 
a: 


~ 
60 


~ 
40 
J 
~ 
20 


100 
1k 
10k 
100k 
1M 


Frequency (Hz) 


25 


20 
< 
E 
E 15 
~" 
() 
'5 10 
S- 


<5 


5 


0 


1M 


8 
0.8 


0.6 ~ 


0.4 ~ 


"5 
u. 
'" 
a> 
<I 
0.2 


0 


400 
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TYPICAL PERFORMANCE CURVES (CONT) 
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A simplified schematic of the XTR101 is shown in Figure 1. 
Basically 
the amplifiers, 
AI and A2, act as a single power 
supply instrumentation 
amplifier controlling a current source, 
A3 and Qj. Operation 
is determined 
by an internal feedback 
loop. e 1 applied 
to pin 3 will also appear 
at pin 5 and 
similarly e2 will appear at pin 6. Therefore the current in Rs, 
the span setting resistor, will be Is = (e2 - e,)lRs = elNlRs. 
This current combines 
with the current, 13, to form I,. The 
circuit is configured 
such that 12 is 19 times I,. From this 
point the derivation 
of the transfer 
function 
is straightfor- 
ward but lengthy. The result is shown in Figure I. 


Examination 
of the transfer 
function 
shows that 10 has a 
lower range-limit of 4rnA when elN= ~ - ej = OV. This 4mA 
is composed 
of 2mA quiescent 
current exiting pin 7 plus 
2mA from the current sources. The upper range limit of 10 is 
set to 20mA by the proper selection of Rs based on the upper 
range limit of elN. Specifically 
Rs is chosen 
for a 16mA 
output current 
span for the given full scale input voltage 
span; i.e., (O.OI6U+ 40IRs)(eIN full scale) = 16mA. Note that 


100 
1k 


Frequeney (Hz) 


since 10 is unipolar ~ must be kept larger than e,; i.e., ~ ~ 
e, or elN~ O.Also note that in order not to exceed the output 
upper range limit of 20mA, elN must be kept less than 1V 
when Rs = 00 and proportionately 
less as Rs is reduced. 


INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


BASIC CONNECTION 


The basic connection 
of the XTRlOl 
is shown in Figure 1. 


A difference voltage applied between input pins 3 and 4 will 
cause 
a current 
of 4-20mA 
to circulate 
in the two-wire 
output 
loop (through 
RL, Vps, and D,). 
For applications 
requiring 
moderate 
accuracy, 
the XTRlOl 
operates 
very 
cost-effectively 
with just 
its internal 
drive 
transistor. 
For 
more demanding 
applications 
(high accuracy 
in high gain) 
an external NPN transistor can be added in parallel with the 
internal one. This keeps the heat out of the XTR 10I package 
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(e,) 
r -ln3 


e,N 
L+1n• 
(e,) 


Voltage 
Controlled 
~ 


Current 
Source 


and minimizes 
thermal feedback to the input stage. Also in 
such applications 
where elN full scale is small «50m V) and 
RSPANis small «150n), 
caution should be taken to consider 
errors from the external span circuit plus high amplification 
of offset drift and noise. 


The optional external transistor, when used, is connected in 
parallel with the XTR IOI' s internal transistor. The purpose 
is to increase 
accuracy 
by reducing 
heat change inside the 
XTRIOI 
package as the output current spans from 4-20mA. 
Under normal operating conditions, 
the internal transistor is 
never completely 
turned 
off as shown 
in Figure 
2. This 
maintains 
frequency 
stability with varying external transis- 


tor characteristics 
and wiring capacitance. 
The actual "cur- 
rent sharing" 
between 
internal 
and external 
transistors 
is 
dependent 
on two factors: (1) relative geometry 
of emitter 
areas and (2) relative 
package 
dissipation 
(case size and 
thermal conductivity). 
For best results, the external device 


should have a larger base-emitter 
area and smaller package. 


It will, upon turn on, take about [0.95 (10 - 3.3mA)]mA. 
However, 
it will heat faster and take a greater share after a 
few seconds. 


Although 
any NPN of suitable 
power rating will operate 
with 
the XTRIOI, 
two readily 
available 
transistors 
are 
recommended. 


1. 2N2222 
in the TO-18 package. 
For power supply volt- 


ages above 24V, a 750n, 
II2W resistor should be con- 
nected 
in series 
with the collector. 
This will limit the 
power dissipation 
to 377mW under the worst-case condi- 
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tions shown in Figure 2. Thus the 2N2222 
will safely 


operate below its 400mW rating at the upper temperature 
of +85°C. Heat sinking the 2N2222 will result in greatly 
reduced accuracy improvement 
and is not recommended. 


2. TIP29B 
in the TO-220 
package. 
This 
transistor 
will 
operate over the specified temperature 
and output voltage 
range without a series collector resistor. Heat sinking the 
TIP29B will result in slightly less accuracy improvement. 
It can be done, however, 
when mechanical 
constraints 


require it. 


ACCURACY 
WITH AND 


WITHOUT 
EXTERNAL 
TRANSISTOR 


The XTR IO1 has been tested in a circuit using an external 
transistor. 
The 
relative 
difference 
in accuracy 
with 
and 
without an external transistor 
is shown in Figure 3. Notice 
that a dramatic improvement 
in offset voltage change with 
supply voltage is evident for any value of load resistor. 


MAJOR 
POINTS 
TO 


CONSIDER 
WHEN 
USING THE XTR101 


1. The leads to Rs should be kept as short as possible 
to 
reduce noise pick-up and parasitic resistance. 


2. +Vcc should be bypassed with a O.OlllF capacitor as close 
to the unit as possible 
(pin 8 to 7). 


3. Always 
keep the input voltages 
within 
their range of 
linear operation, 
+4V to +6V (el and ~ measured 
with 
respect to pin 7). 


~20mA 
!16mA 


12V.200mW 


QEJ(l 
23.6V, 377mW 


2N2222(1) 


Other Suitable Types 
Type 
Package 


2N4922 
TO·225 


TIP298 
TO·220 
TIP318 
TO·220 
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FIGURE 
3. Thermal 
Feedback 
Due to Change 
in Output 
Current. 


4. The maximum input signal level (eINFs)is IV with Rs = <X> 
and proportionally 
less as Rs decreases. 


5. Always return the current references 
(pins 10 and II) to 
the output (pin 7) through an appropriate 
resistor. If the 
references 
are not used for biasing or excitation, 
connect 
them together to pin 7. Each reference must have between 
OV and +(Vee - 4V) with respect to pin 7. 


1500 


1250 
s;. 
rL 1000 
qj 
g 
~ 
750 


'u;•. 
a: 
500 
16.3 


250 


0 
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10 
20 
30 
40 
50 


Power Supply Voltage. Ves (V) 


6. Always choose RL (including 
line resistance) 
so that the 
voltage between pins 7 and 8 (+Vee) remains within the 
11.6V to 40V range as the output changes 
between 
the 
4-20mA range (see Figure 4). 


7. It is recommended 
that a reverse polarity protection diode 


(D( in Figure I) be used. This will prevent damage to the 
XTRIOI 
caused by a momentary 
(e.g., transient) or long 


term application of the wrong polarity of voltage between 
pins 7 and 8. 
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8. Consider 
PC board 
layout 
which 
minimizes 
parasitic 
capacitance, 
especially 
in high gain. 


SELECTING 
Rs 
RSPANis chosen to that a given full scale input span elNFS 
will result in the desired full scale output span of MOFS, 


[(0.016U) 
+ (40IRs)] ilelN = Mo = 16mA. 


Solving for Rs: 


40 
Rs=------- 


ilIiile,N 
- 0.016U 


For example, 
if ilelNFs = lOOmV for MOFS = 16mA, 


R 
_ 
40 
s - 
16mA1l00mV) 
_ 0.016 


40 
=--=2780 
0.144 


40 


0.16-0.016 


See Typical Performance 
Curves for a plot of Rs vs ileINFS' 
Note that in order not to exceed the 20mA upper range limit, 
eIN must be less than IV when Rs = 00 and proportionately 
smaller as Rs decreases. 


BIASING 
THE INPUTS 


Because the XTR operates from a single supply both e, and 
e2 must be biased approximately 
5V above the voltage at pin 
7 to assure linear response. This is easily done by using one 
or both current sources and an external resistor R2. Figure 5 
shows the simplest case- 
a floating voltage source e'2' The 
2mA 
from the current 
sources 
flows 
through 
the 2.5kO 
value of R2 and both el and e2 are raised by the required 5V 
with respect to pin 7. For linear operation 
the constraint 
is 


+4V S e, S +6V 
+4V S ~ 
S +6V 


The offset adjustment is used to remove the offset voltage of 
the input amplifier. When the input differential 
voltage (elN) 
equals zero, adjust for 4mA output. 


R2 
2.5kn 


2mA- 
+5V 


10= 4mA + (0.0160 
+ ~)e'N 
Rs 
81N = 82 


FIGURE 5. Basic Connection 
for Floating Voltage Source. 
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Figure 6 shows a similar connection 
for a resistive 
trans- 
ducer. The transducer 
could be excited 
either by one (as 
shown) or both current sources. Also, the offset adjustment 
has higher resolution 
compared 
to Figure 5. 


CMV AND CMR 


The XTR101 
is designed 
to operate 
with a nominal 
5V 
common-mode 
voltage at the input and will function prop- 
erly with either input operating 
over the range of 4V to 6V 
with respect to pin 7. The error caused by the 5V CMV is 
already included in the accuracy 
specifications. 


If the inputs are biased at some other CMV then an input 
offset 
error term is (CMV 
- 5)/CMRR; 
CMR 
is in dB, 


CMRR is in VN. 


In some applications 
it is desired to have suppressed 
zero 
range (input signal elevation) 
or elevated zero range (input. 
signal suppression). 
This is easily accomplished 
with the 
, 
XTR101 by using the current sources to create the suppres- 
sion/elevation 
voltage. The basic concept is shown in Fig- 
ures 7 and 8(a). In this example the sensor voltage is derived 
from RT (a thermistor, 
RTD, or other variable 
resistance 
element) 
excited by one of the lmA current 
sources. 
The 
other current source is used to create the elevated zero range 
voltage. Figures 8(b), (c) and (d) show some of the possible 
circuit variations. 
These circuits have the desirable 
feature 
of noninteractive 
span 
and 
suppression/elevation 
adjust- 
ments. Note: It is not recommended 
to use the optional offset 
voltage 
null (pins 
I, 2 and 14) for elevation/suppression. 


This trim capability is used only to null the amplifier's 
input 
offset voltage. In many applications 
the already low offset 
voltage (typically 
2011V) will not need to be nulled at all. 


Adjusting 
the offset voltage to nonzero values will disturb 
the voltage drift by ±O.311V/oCper lOOIlV or induced offset. 


,,,,,,, 
j----- 
'0 = 4mA + (0.0160 
+1P- )e'N 
s 


81N = e'2= 
1mAX RT 


-0+ 
e,N (V) 


81N = (8'2 
-V.) 
V.=lmAXR 
.• 


e,,~= lmA 
X RT 


(a) Elevated Zero Range 


81N = (e'2 
+V .•) 
V.• = lmA 
X R .• 


e'2 = 1mAX 
RT 


(b) Suppressed 
Zero Range 


BIN = (e'2 -V.J 


V.•= 2mAX 
R.• 


(e) Elevated Zero Range 


BIN = (8'2 +v.•) 


V.•:::2mA X R.• 


The small size, low offset voltage and drift, excellent linear- 
ity, and internal precision current sources, make the XTR I0 1 
ideal for a variety of two-wire transmitter applications. 
It can 
be used by OEMs producing 
different 
types of transducer 
transmitter 
modules and by data acquisition 
systems manu- 
facturers 
who gather transducer 
data. Current mode trans- 
mission 
greatly 
reduces 
noise interference. 
The two-wire 
nature of the device allows economical 
signal conditioning 


at the transducer. 
Thus the XTRIOI 
is, in general, 
very 
suitable for individualized 
and special purpose applications. 


EXAMPLE 
1 


RTD Transducer 
shown in Figure 9. 


Given 
a process 
with 
temperature 
limits 
of +25°C 
and 
+ 150°C, configure the XTRIOI 
to measure the temperature 
with a platinum 
RTD which produces 
lOOn at O°C and 
200n 
at +266°C 
(obtained 
from 
standard 
RTD 
tables). 
Transmit 
4mA for +25°C and 20mA for +150°C. 


COMPUTING 
Rs: 


The sensitivity of the RTD is L'.RJ6.T = 100Q/266°C. 
When 
excited with a lmA current source for a 25°C to 150°C range 
(i.e., 125°C span), the span of eIN is lmA X (lOOQ/266°C) 
X 125°C = 47mV = MIN' 


40 
From equation 
1, Rs = ------- 
Mo/6.elN 
- 0.016n 


Rs = 
40 
- ~ 
= l23.3n 
l6mA/47mV 
- 0.016U 
0.3244 


Span adjustment 
(calibration) 
is accomplished 
by trimming 
Rs· 


COMPUTING 
R4: 


At +25°C, e'z = lmA (RT + 6.RT) 


lOOn 
= ImA [lOOn + -- 
X 25°C] 
266°C 
= lmA (109.4n) 
= 109.4mV 


In order to make the lower range limit of 25°C correspond 
to the output lower range limit of 4mA, the input circuitry 
shown in Figure 9 is used. 


eIN, the XTRlOl 
differential 
input, is made 0 at 25°C or 


e'ZZ5°C 
- V4 = 0 


thus, V4 = e'z Z50C = 109.4mV 


V4 
109.4mV 
R 
= -- 
= --- 
= 109.4n 
4 
lmA 
lmA 


COMPUTING 
Rz AND CHECKING 
CMV: 


At +25°C, e'z = 109.4mV 


At +150°C, 
e'z = lmA (RT + 6.RT) 


= lmA [lOOn +( lOon 
X 150°C)] 
266°C 
= l56.4mV 


Since both e'z and V4 are small relative to the desired 5V 
common-mode 
voltage, they may be ignored in computing 
Rz as long as the CMV is met. 


Rz = 5V12mA = 2.5M2 


ez min = 5V + 0.1094V} 
The +4V to +6V CMV 
ez max = 5V + 0.1564V 
requirement 
is met. 


et = 5V + 0.1094V 
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EXAMPLE 
2 


Thermocouple 
Transducer 
shown in Figure 10. 


Given a process 
with temperature 
(T1) 
limits of O°C and 
+ 1OOO°C,configure the XTR 10 1 to measure the temperature 
with a type J thermocouple 
that produces a 58m V change for 
lOOO°C change. 
Use 
a semiconductor 
diode 
for a cold 
junction 
compensation 
to make the measurement 
relative to 
O°C. This is accomplished 
by supplying 
a compensating 
voltage, VR6' equal to that normally produced by the thermo- 
couple with its "cold junction" 
(T2) at ambient. At a typical 
ambient of +25°C this is 1.28m V (obtained 
from standard 
thermocouple 
tables with reference junction of O°C). Trans- 


mit 4mA for T1 = O°C and 20mA for T1 = +IOOO°C. Note: 
eIN = ~ - el indicates that T1 is relative to T2. 


ESTABLISHING 
Rs: 


The input full scale span is 58mV (6eINFS = 58mV). 


Rs is found from equation 
(I) 


40 
= ~ 
= 153.90 
16mA/58mV -0.016U 
0.2599 


SELECTING 
R4: 


R4 is chosen to make the output 4mA at TTC= O°C (VTC= 
-1.28m V) and TD = +25°C (VD = 0.6V). A circuit is shown 
in Figure 
10. 


VTC will be -1.28mV 
when TTC = O°C and the reference 
junction 
is at +25°C. el must be computed for the condition 
of TD = +25°C to make eIN = OV. 


VD 2S'C = 600mV 


el 2S'C = 600mV (51/2051) 
= 14.9mV 


elN = e2 - el = VTC + V4 - el 
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,------------------------------------- 
r 


mA 


D 


, 
.1 


:Thermocouple 


: 
Tfc 


+ 
VTe, 
+v4- 
82 


:Temperature T 1 
: 
R4 
2.5kn 
~ 
j : 
~~~~~~~U!~_~2_=:!~: 


FIGURE 
10. Thermocouple 
Input 
Circuit 
with 
Two 
Temperature 
Regions and Diode (D) Cold 
Junction Compensation. 


With eIN = 0 and VTC = -1.28mV, 


V4 = el + eIN- VTC 


= 14.9mV + OV - (-1.28mV) 


lmA (R4) = 16.18mV 


R4 = 16.180 


The temperature 
reference 
circuit is shown in Figure 
II. 


The diode voltage has the form 


V 
D = KT 
In 
~IODE 
q 
ISAT 


Typically 
at T2 = +25°C, 
VD = 0.6V 
and 
6VrJ6T 
= 
-2mV/°C. 
Rs and R6 form a voltage divider 
for the diode 
voltage 
V D' The divider 
values 
are selected 
so that the 
gradient 6vD/6T equals the gradient of the thermocouple 
at 
the reference 
temperature. 
At +25°C this is approximately 
52flV/oC 
(obtained 
from 
standard 
thermocouple 
table); 


therefore, 


6TC/6T = 6vD/6T[_R_._) 
R,+R. 


52flV/oC = 2000flV/OC[_R_._) 


R,+R. 


Rs is chosen as 2kO to be much larger than the resistance of 
the diode. Solving for ~ 
yields 510. 


THERMOCOUPLE 
BURN-OUT 
INDICATION 


In process control applications 
it is desirable to detect when 
a thermocouple 
has burned out. This is typically 
done by 
forcing the two-wire transmitter 
current to either limit when 


- 


~1mA 
1mA! 
O.OO47~F 


R 
(1) 
3 


RS 
Vs 
1mA! 


Vo 
D 
C, 
XTR101 
+ 


R. 
V. 
R, 


the thermocouple 
impedance goes very high. The circuits of 
Figures 
16 and 17 inherently 
have down scale indication. 


When the impedance 
of the thermocouple 
gets very large 
(open) 
the bias 
current 
flowing 
into the + input 
(large 
impedance) 
will cause 10to go to its lower range limit value 
(about 3.8mA). If up scale indication is desired the circuit of 
Figure 18 should be used. When the Tc opens the output will 
go to its upper range limit value (about 25mA or higher). 


OPTIONAL 
INPUT OFFSET 
VOLTAGE 
TRIM 


The XTR 101 has provisions 
for nulling 
the input offset 


voltage associated with the input amplifiers. 
In many appli- 
cations the already low offset voltages (30llV max for the B 
grade, 60llV max for the A grade) will not need to be nulled 
at all. The null adjustment can be done with a potentiometer 
at pins I, 2 and 14 as shown in Figures 5 and 6. Either of 
these two circuits 
may be used. NOTE: 
It is not recom- 
mended to use this input offset voltage nulling capability for 
elevation 
or suppression. 
See the Signal Suppression 
and 
Elevation 
section for the proper techniques. 


Low-pass filtering is recommended 
where possible and can 
be done by either one of two techniques 
shown in Figure 12. 
Cz connected to pins 3 and 4 will reduce the bandwidth 
with 
a cutoff frequency 
given by, 


f 
_ 
15.9 


co - (R, + R, + R3 + R.) (C2 + 3pF) 


This method has the disadvantage 
of having fco vary with 
Rl> Rz, R3, R4, and it may require large values of R3 and R•. 
The other method, 
using 
C I' will use smaller 
values 
of 
capacitance 
and is not a function of the input resistors. It is, 


however, 
more subject 
to nonlinear 
distortion 
caused 
by 
slew rate limiting. This is normally not a problem with the 
slow signals associated with most process control transduc- 
ers. The relationship 
between 
C1 and fco is shown in the 
Typical Performance 
Curves. 


Internally 
eNOtSE 
ATI = Je2lNPUTSTAGE 
+(e2QUTPUT 
STAGE r 


Gain 


t 


VR= 
2.5V 


+ - 


[ 
R,] 
VR 
NOTE: (1) 10, 
1 + - 
10- - 
= 1.2510-5mA 
R, 
R, 
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LM129 
B.9V 
Voltage 
Ref 


!0.9852mA 


\ 
Zero 
Adjust 


FIGURE 
17. Thermocouple 
Input with Diode Cold Junction 
Compensation. 


200, 


Zero 
Adjust 


FIGURE 
16. Thermocouple 
Input with RTD Cold Junction 
Compensation. 


FIGURE 
18. Thermocouple 
Input with RTD Cold Junction 
Compensation. 


BURR-SROWN4D 
'151151' 
Burr-Brown Ie Data Book-Linear 
Products 


+V2 
C2 
-V2 
722 


BURR-BROWN!! 


Burr-Brown Ie Data Book-Linear 
Products 
IElElI 


The ideal output current is 


io IDEAL= 4mA + K eIN 


K is the span (gain) term, (0.016n 
+ (40IRs» 


In the XTRIOI 
there are three major components 
of error: 


I. ao = errors associated 
with the output stage. 
2. as = errors associated 
with span adjustment. 


3. a, = errors associated 
with the input stage. 


The transfer function including 
these errors is 


io ACfUAL= (4mA + ao) + K (I + as)(e'N + ar) 
(4) 


When 
this 
expression 
is expanded, 
second 
order 
terms 
(as ar) dropped, and terms collected, 
the result is 


io ACfUAL= (4mA + ao) + K eIN + Ka, + Kas eIN 


The error in the output current is io ACTUAL- io IDEALand 
can be found by subtracting 
equations 
(5) and (3). 


io ERROR= ao + Ka 1+ Kas eIN 
(6) 


This is a general error expression. 
The composition 
of each 
component 
of error 
depends 
on the circuitry 
inside 
the 
XTRIOI 
and the particular circuit in which it is applied. The 
circuit of Figure 9 will be used to illustrate the principles. 


\. ao = !as RTO 
(7) 
2. as = ENONLINEARITY 
+ €sPAN 
(8) 
fj,Vcc 
(9) 
3. al = Vos, + (lBI + ~ - IB2 RT) + --- 
PSRR 
+ 
(e, + e,)/2 - 5V 


CMRR 


The term in parentheses 
may be written in terms of offset 
current and resistor mismatches 
as IB1I'>.R+ los' R4. 


VOSI* 
= input offset voltage 
IBI*, IB2* 
= input bias current 
losr * 
= input offset current 
los RTO* 
= output offset current error 
I'>.R = RT - R4 = mismatch 
in resistor 
fj,Vcc 
= change supply voltage between 
pins 7 and 8 away from 24V nominal 
PSRR* 
= power supply rejection ratio 
CMRR* 
= common-mode 
rejection ratio 
ENONLlN 
* 
= span nonlinearity 
€sPAN* = span equation error. Untrimmed 
error 
= 5% max. May be trimmed to zero. 


Items 
marked 
with an asterisk 
(*) can be found 
in the 
Electrical 
Specifications. 


EXAMPLE 3 


The circuit in Figure 9 with the XTRIOIBG 
specifications 
and the following 
conditions: 
RT = 10904n at 25°C, RT = 
15604n at 150°C, 10 = 4mA at 25°C, 10 = 20mA at 150°C, 
Rs = 123.3n. 
R. = 109n. 
RL = 250n, 
RUNE = JOon. VOl = 
0.6V, Vps = 24V ±O.5%. Determine the % error at the upper 
and lower range values. 
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A. AT THE LOWER 
RANGE 
VALUE 
(T = +25°C). 


ao = los RTO= ±61lA 
fj,Vcc 
a, = Vosr + (lBI I'>.R+ losl R4) +-- 
PSRR 
(e, + e,)12 - 5V 
+ 
CMRR 


I'>.R= RT 25"C- R4 = 10904 - 109 ~ 0 


t"v 
cc = (24 X 0.005) + 4mA (250n 
+ lOOn) + 0.6V 
= 120mV + 1400mV + 600mV 
= 2120mV 


el = (2mA X 2.5kn) 
+ (lmA 
X 109n) 
= 5.109V 
e2 = (2mA X 2.5kn) 
+ (lmA 
X 10904n) 
= 5.l094V 


(el + e2)/2 
- 5 = O.I092V 


PSRR= 3.16 X 105 for llOdB 


CMRR 
= 3\.6 X 103 for 90dB 
al 
= 30f..lV+ (l50nA 
X 0 + 20nA X 109n) 


2120mV 
0.1092V 
+----+---- 
3.16 X 10' 
3.16 X 103 


= 30f..lV+ 2.18f..lV+ 6.7f..lV+ 3046f..lV 
= 42.34f..lV 


as = ENONLIN+ €sPAN 
= 0.0001 + 0 (assumes trim of Rs) 


10 error = ao + K a1 + K as eIN 


K = 0.016 + ~ 
= 
0.016 + ~ 
= 0.340U 
Rs 
123.3n 


eIN = e2 - V4 = lREF1RT 25"C- lREF2R4 


since RT 25"C= R4, 
eIN = (IREF1- lREF2)R4 = Oo4llA X 109n 
= 43.6f..lV 


Since the maximum 
mismatch 
of the current references 
is 
0.04% of lmA = Oo4llA, 


10 error = 61lA + (0.340 
X 42.34f..lV) + (0.34 U X 
0.0001 X 43.6f..lV) = 61lA + 14040llA + 0.00151lA 
= 20.401lA 


% error = 20040llA 
X 100% 
16mA 


B. AT THE UPPER 
RANGE VALUE (T = +150°C). 


I'>.R= RT 150"C- R4 = 15604 - 
10904 = 47n 


fj,Vcc = (24 X 0.005) + 20mA (250n 
+ lOOn) + 


0.6V = 7720m V 


e, = 5.109V 


e2 = (2mA X 2.5kn) 
+ (lmA 
X 15604n) = 5.156V 


(el + ez)l2 - 5V = 0.1325V 


• 


+----+---- 
3.16 X 10' 
3.16 X 103 


= 3011V+ 9.2311V + 2411V+ 4.1911V 
= 67.4211V 


crs = 0.0001 


eIN = e'2 
- V4 = lREFI RT 150·C - lREF2 R4 
= (ImA X 156.40) 
- (lmA 
X 1090) 
= 47mV 


10 error = cro + K crt + K crs eIN = 6lJ.A+ 


(0.34U 
X 67.4211V) + (0.34U 
X 0.0001 
X 470oo11V) = 6lJ.A+ 22.92lJ.A + 1.60lJ.A 
= 30.52lJ.A 


% error = 30.52lJ.A X 100% 


16mA 


= 0.19% of span at upper range value. 


CONCLUSIONS 


Lower Range: From equation 
(l0) 
it is observed 
that the 
predominant 
error term is the input offset voltage (3011Vfor 
the B grade). This is of little consequence 
in many applica- 
tions. Vos RTf can, however, be nulled using the pot shown 
in Figures 5 and 6. The result is an error of 0.06% of span 
instead of 0.13% if span. 


RECOMMENDED 
HANDLING 
PROCEDURES 
FOR INTEGRATED 
CIRCUITS 


All 
semiconductor 
devices 
are 
vulnerable, 
in varying 
degrees, 
to damage 
from 
the 
discharge 
of electrostatic 
energy. Such damage can cause performance 
degradation 
or 
failure, either immediate or latent. As a general practice, we 
recommend 
the following handling procedures to reduce the 
risk of electrostatic 
damage. 


1. Remove the static-generating 
materials, such as untreated 
plastic, from all areas that handle microcircuits. 


2. Ground all operators, 
equipment, 
and work stations. 


3. Transport 
and ship microcircuits, 
or products 
incorporat 
ing microcircuits, 
in static-free, 
shielded containers. 


4. Connect together all leads of each device by means of a 
conductive 
material, 
when the device is not connected 
into a circuit. 


5. Control relative humidity 
to as high a value as practical 
(50% recommended). 
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4-20mA Current Transmitter 
with 
RTD EXCITATION AND LINEARIZATION 


• 
LESS THAN ±1% TOTAL 
ADJUSTED 
ERROR, -40°C 
TO +S5°C 


• 
RTD EXCITATION 
AND LINEARIZATION 


• 
TWO OR THREE-WIRE 
RTD OPERATION 


• 
WIDE SUPPLY 
RANGE: 
9V to 40V 


• 
HIGH PSR: 110dB min 


• 
HIGH CMR: 
SOdB min 


The 
XTR103 
is a monolithic 
4-20mA, 
two-wire 
current 
transmitter 
designed 
for Platinum 
RTD tem- 


perature 
sensors. 
It provides 
complete 
RTD current· 


excitation, instrumentation 
amplifier, linearization, and 
current output circuitry on a single integrated 
circuit. 


Versatile 
linearization 
circuitry provides 
a 2nd-order 
correction 
to the RTD, 
typically 
achieving 
a 40:1 
improvement 
in linearity. 


Instrumentation 
amplifier gain can be configured 
for a 
wide 
range 
of 
temperature 
measurements. 
Total 
adjusted 
error 
of the complete 
current 
transmitter, 


including the linearized RTD is less than ±I % over the 
full -40 to +85°C operating 
temperature 
range. This 
includes 
zero drift, span drift and nonlinearity. 
The 
XTRI03 
operates on loop power supply voltages down 
to 9V. 


The XTR103 
is available 
in 16-pin plastic DIP and 
SOL-16 
surface-mount 
packages 
specified 
for the 


-40°C 
to +85°C temperature 
range. 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
FACTORY 
AUTOMATION 


• 
SCADA 


~ 
3 
.E' 


.~ 
2 
c°z 
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SPECIFICATIONS 


XTR103BP/BU 
I 
XTR103AP/AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
I 
MIN 
I 
TYP 
MAX 
UNITS 


OUTPUT 
I 
I 
I 
I 
I 
Output Current Equation 
10 = V1N • (0.016 + 40/RG) 
+ 4mA, V1N in 
Volts, 
RG in Q 
A 
Total Adjusted 
Error(l) 
TM1N to TMAX 
±1 
±2 
%01 FS 


Output Current, Specified 
Range 
4 
20 
mA 


Over-Scale 
Limit 
34 
40 
- 
mA 


Under 
Scale-Limit 
3.6 
3.8 
mA 


Full Scale 
Output 
Error 
V1N = 1V, RG = 
C>O 
±15 
±50 
±100 
~A 
Noise: O.lHz to 1kHz 
RG: 
400 
8 
~p-p 


ZERO OUTPUT(') 
V1N "" 0, RG = 
00 
4 
mA 


Initial Error 
±5 
±50 
±100 
~ 
vs Temperature 
±O.2 
±O.5 
±1 
IJ.AI°C 


vs Supply Voltage, V+ 
V+ = 9V to 40VI') 
0.5 
2 
IJ.AIV 


vs Common-Mode 
Voltage 
VCM = 2V to 4VI'I 
0.1 
2 
IJ.AIV 


SPAN 
Span 
Equation 
(Transconductance) 
S = 0.016 + 40/RG 
AN 


Untrimmed 
Error 
RG 
~ 750 
±O.l 
±1 
% 


vs Temperature(4) 
±20 
±50 
. 
±100 
ppm/oC 


Nonlinearity: 
Ideal 
Input 
0.01 
% 


RTD Input 
Pt100: -200°C 
to +850°C 
0.1 
% 


RUN = 11270 
. 


INPUT 
Differential 
Range 
RG:::: 
00 
1 
V 
Input Voltage Rangel') 
2 
4 
V 
Common-Mode 
Rejection 
V1N = 2V to 4V(3) 
80 
100 
dB 


Impedance: 
Differential 
3 
GO 


Common-Mode 
0.5 
GO 


Offset Voltage 
±O.5 
±2.5 
mV 
vs Temperature 
±1 
±2.5 
±2 
±5 
~V/oC 


vs Supply Voltage, V+ 
V+ = 9V to 40V(') 
110 
130 
dB 


Input 
Bias Current 
100 
250 
nA 
vs Temperature 
0.1 
2 
nWC 


Input Offset 
Current 
2 
20 
nA 


liS Temperature 
0.01 
0.25 
nWC 


CURRENT 
SOURCES(') 
Current 
0.8 
mA 


Accuracy 
±O.25 
±O.5 
±1 
% 


liS Temperature 
±25 
±50 
±50 
±100 
ppm/oC 


vs Power Supply, V+ 
V+ : 9V to 40VI') 
50 
ppmN 
Compliance 
Voltage(3) 
V-'N) -0.2 
(V+) - 5 
V 
Matching 
±O.5 
% 


liS Temperature 
±10 
±25 
±50 
ppm/oC 


liS Power 
Supply, 
V+ 
V+ = 9V to 40VI') 
10 
ppmN 


POWER SUPPLY 
Voltage 
Range(3), 
V+ 
9 
40 
V 


TEMPERATURE 
RANGE 


Specification, 
T MIN to T MAX 
-40 
85 
°C 
Operating 
-40 
125 
°C 
9JA 
80 
°CIW 


• Specification 
same as XTR103BP. 
NOTES: 
(1) Includes 
corrected 
Pt1 00 nonlinearity 
for process 
measurement 
spans greater 
than 100°C, and over-temperature 
zero and span effects. 
Does not include 
initial offset and gain errors which 
are normally 
trimmed 
to zero at 25°C. (2) Describes 
accuracy 
of the 4mA low~scale 
offset current. 
Does not include 
input amplifier 
effects. 
Can be trimmed 
to zero. 
(3) Voltage 
measured 
with respect 
to 10 pin. (4) Does 
not include 
TCR of gain-setting 
resistor, 
RG. (5) Measured 
with RUN= 00 to 
disable 
linearization 
feature. 


The information 
provided 
herein is believed 
to be reliable; 
however, 
BURR~BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's 
own risk. Prices and specifications 
are sUbject to change 


without 
notice. No patent rights or licenses 
to any of the circuits described 
herein are implied 
or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR·BROWN 
product 
tor use in life support 
devices 
and/or 
systems. 
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PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER<') 


XTR103AP 
16-pin Plastic DIP 
180 


XTR103BP 
16-pin Plastic DIP 
180 


XTR103AU 
SOL -16 Surface Mount 
211 


XTR103BU 
SOL -16 Surface Mount 
211 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


XTR103AP 
16-pin Plastic DIP 
-40·C 
to +85·C 


XTR103BP 
16-pin Plastic DIP 
-4O"C to +85·C 


XTR103AU 
SOL-16 Surface Mount 
-40·C 
to +85·C 
XTR103BU 
SOL-16 Surface Mount 
-40·C 
to +85·C 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Zero Adj. 
9 
RUN 


2 
Zero Adj. 
10 
V+ 
3 
V-IN 
11 
E (Emitter) 


4 
V+1N 
12 
lA' 


5 
RG 
13 
IA2 


6 
RG 
14 
E'NT (Int. Emit.) 


7 
10 
15 
B (Base) 


8 
RUN 
16 
Zero Adj. 


NC: No Connection 
Substrate 
Bias: 
Internally 
connected 
to the 
10terminal 
(#7). 


MILS (0.001 ") 
MilliMETERS 


Die Size 
168.104±5 
4.27 • 2.64 ±0.13 
Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4.4 
0.1 .0.1 


Backing 
None 


Power Supply, V+ 
(referenced 
to 10pin) .. 
.. 
40V 


Input Voltage, V+1N , V-IN 
(referenced 
to 10 pin) 
OV to V+ 
Storage Temperature 
Range.. 
. 
-55°C 
to +125°C 


Lead Temperature 
(soldering, 
10s).. 
.. 
+300·C 


Output Current Limit.. 
. 
Continuous 


Junction Temperature.. 
. 
+165°C 


A 
ELECTROSTATIC 


J.!tt;,.. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 
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TRANSCONDUCTANCE 
vs FREQUENCY 


80 


~ 
E 
60 
RG :250 
'" 
0 
...J 
0 
RG: 
1000 
~ 
g 
40 
Ro: 
4000 
'"g 
Ro: 
21<0 
-g 
0 
20 
RG,",oo 
~ 
f"f- 


0 


100 
1k 
10k 
lOOk 
1M 


Frequency (Hz) 


COMMON-MODE 
REJECTION 


vs FREQUENCY 
(RTI) 


120 


100 


80 


m~ 
a: 
60 


::;: 
<.J 
40 


20 


0 


0.1 
10 
100 
1k 
10k 
lOOk 


Frequency (Hz) 


140 


m 120 
~ 


<= 
100 
~ 
80 
..• 
a:t 
60 


(/) 


40 
Iii~ 
Q. 
20 


--.... 
I 


G: 
0.16AIV 
_ 


"" 


(RG :4000) 


~ 
""- 


~ 


"' 


10 
100 
1k 


Frequency (Hz) 


LOOP RESISTANCE 
vs LOOP POWER SUPPLY 
INPUT OFFSET VOLTAGE vs LOOP POWER SUPPLY 


1750 
60 


1500 
50 


9- 


1250 
of 
40 
,; 
1000 
:> 
g 
..;0 
* 


00 
30 
>0 
';; 
750 
<l 
.• 
a: 
20 
c-o 
500 
0 
...J 


250 
9V 
10 


0 
\ 
0 


0 
10 
20 
30 
40 
50 
10 
20 
30 
40 


Loop Power Supply Voltage, Vps (V) 
Loop Power Supply Voltage, Vps (V) 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TYPICAL PERFORMANCE CURVES (CONn 


10 


~;,: 
So 


5l 
'6 
Z 
"~ 
u 
'5 
B- 
8 


"-"-" 


"- 
"'- 
RG=- 
'" 


10 
100 


Frequency (Hz) 


10 
100 


Frequency (Hz) 


...•••.• 


~ 
:> 
.S- 


a>E 
100 
g 


a> 
.!!1o 
Z 


10 
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1k 
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Frequency (Hz) 
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For Immediate Assistance, Contact YourLocal Salesperson 


APPLICATION INFORMATION 


Figure 1 shows the basic connection diagram for the XTRI03. 
The loop power supply, Vps provides power for all circuitry. 
Output 
loop current 
is measured 
as a voltage 
across the 
series load resistor, RL. 


Two matched 
O.8mA current 
sources 
drive the RTD and 
zero-setting 
resistor, 
Rz. The instrumentation 
amplifier 
in- 
put of the XTRlO3 measures the voltage difference between 
the RTD and Rz. The value of Rz is chosen to be equal to 
the resistance 
of the RTD 
at the low-scale 
(minimum) 
measurement 
temperature. 
Rz can be adjusted 
to achieve 
4mA output at the minimum 
measurement 
temperature 
to 
correct for input offset voltage and reference 
current mis- 
match of the XTRI03. 


ReM provides an additional voltage drop to bias the inputs of 
the XTR I03 within their common-mode 
range. Resistor, Ro, 
sets the gain of the instrumentation 
amplifier 
according 
to 
the desired temperature 
measurement 
range. 


The transfer function through the complete instrumentation 
amplifier 
and voltage-to-current 
converter 
is: 


10 = VIN• (0.016 + 40/Ro) + 4mA, 


(V IN in volts, RG in ohms, RLIN = ~) 


where 
VIN is the differential 
input voltage. 
With no Ro 
connected 
(Ro = ~), a OV to IV input produces a 4-20mA 
output current. With Ro = 25Q, a OV to 10mV input pro- 
duces a 4-20mA output current. Other values for Ro can be 
calculated 
according 
to the desired full-scale 
input voltage, 
VFS' with the formula in Figure 
I. 


;; 
5 
Ro 


I 
R = I 
I 
R = I + 
(2.3) 
O.SmA 
O.SmA 
V,N 
Ro 
\ 


Negative input voltage, VIN' will cause the output current to 
be less than 4mA. Increasingly 
negative VIN will cause the 
output current to limit at approximately 
3.6mA. 


Increasingly 
positive 
input voltage (greater than V FS) will 
produce increasing 
output current according 
to the transfer 
function, 
up to the output 
current 
limit of approximately 
34mA. 


Transistor 
QI conducts the majority of the signal-dependent 
4-20mA 
loop current. Using an external transistor 
isolates 
the majority 
of the power dissipation 
from the precision 
input and reference 
circuitry 
of the XTRI03, 
maintaining 
excellent 
accuracy. 


Since the external 
transistor 
is inside a feedback 
loop its 
characteristics 
are not critical. 
Requirements 
are: VCEO = 
45V min, f3 = 40 min and Po = 800mW. Power dissipation 
requirements 
may be lower if the loop power supply voltage 


is less than 40V. Some possible choices for Q I are listed in 
Figure 
I. 


The XTRI03 
can be operated without this external transistor 
by connecting pin 11 to 14 (see Figure 2). Accuracy will be 
somewhat degraded by the additional internal power dissipa- 
tion. This effect is most pronounced 
when the input stage is 
set for high gain (for low full-scale 
input voltage). 
The 
typical 
performance 
curve "Input Offset Voltage 
vs Loop 
Supply Voltage" 
describes 
this behavior. 


TYPE 


2N4922 
T1P29B 
T1P31B 


PACKAGE 


TO-225 
TO-220 
T0-220 


NOTES: 
(1) Az = RTD resistance 
at the minimum measured 
temperature. 


(2) Ra = 
;500 
n 
. where V.s is Full Scale V,N. 


--1 
V.s 


(3) 
See 
Table 
I for values. 
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For operation 
without external 
transistor, 
connect 
pin 11 to 
pin 14. See text for discussion 
of pertormance. 


The voltage applied to the XTRI03, 
V+, is measured 
with 


respect to the 10 connection, 
pin 7. V+ can range from 9V to 
40V. The loop supply 
voltage, 
Vps, will differ from the 


voltage applied to the XTRlO3 according to the voltage drop 
on the current sensing resistor, 
RL (plus any other voltage 
drop in the line). 


If a low loop supply voltage is used, RL must be made a 
relatively low value to assure that V+ remains 9V or greater 
for the maximum 
loop current of 20mA. It may, in fact, be 
prudent to design for V+ equal or greater than 9V with loop 
currents up to 34mA to allow for out-of-range 
input condi- 
tions. The typical performance 
curve "Loop Resistance 
vs 


Loop 
Power 
Supply" 
shows 
the allowable 
sense resistor 
values for full-scale 
20mA. 


The 
low operating 
voltage 
(9V) 
of the XTRlO3 
allows 
operation 
directly from personal 
computer 
power supplies 


(l2V 
±5%). 
When used with the RCV420 
Current 
Loop 
Receiver (Figure 8), load resistor voltage drop is limited to 
l.5V. 


On-chip 
linearization 
circuitry 
creates 
a signal-dependent 


variation in the two matching current sources. Both current 
sources are varied equally according to the following 
equa- 


tion: 
500 • V IN 


IR1 = IR2 = 0.8 + 
R 
UN 


(lR in mA, VIN in volts, RLIN in ohms) 
(maximum 
IR = l.OmA) 


This varying 
excitation 
provides 
a 2nd-order 
term to the 
transfer function (including the RTD) which can correct the 
RTD's nonlinearity. 
The correction 
is controlled 
by resistor 
RUN which is chosen according 
to the desired temperature. 


measurement 
range. Table I provides 
the ~, 
Rz and RLIN 
' 


resistor values for a Ptloo 
RTD. 


If no linearity correction is desired, do not connect a resistor 
to the RLIN pins (RLIN = 00). This will cause the excitation 
current sources to remain a constant 0.8mA. 


Most applications 
will require 
adjustment 
of initial errors. 


Offset errors can be corrected 
by adjustment 
of the zero 
resistor, Rz. 


Figure 3 shows another way to adjust zero errors using the 
output current adjustment pins of the XTR I03. This provides 
a minimum of ±3ooj.iA (typically ±5ooj.iA) adjustment around 
the initial low-scale output current. This is an output current 
adjustment 
which is independent 
of the input stage gain set 


TU1N 
100·C 
200·C 
300·C 
4OO·C 
500·C 
600·C 
700·C 
800·C 
goo·C 
1000·C I 


-200·C 
18/90 
181185 
18/286 
181396 
18/515 
18/645 
181788 
18/946 
18/1120 
18/13171 
653 
838 
996 
1087 
1131 
1152 
1159 
1158 
1154 
1140 


-100·C 
60/64 
601173 
60/270 
60/374 
60/487 
60/610 
601746 
60/895 
60/1061 
1105 
1229 
1251 
1249 
1231 
1207 
1181 
1155 
1128 


O·C 
100/81 
100/167 
100/260 
100/361 
100/469 
100/588 
1001718 
100/860 


1287 
1258 
1229 
1201 
1173 
1145 
1117 
1089 


100·C 
138178 
138/162 
138/252 
138/349 
138/453 
138/567 
138/691 


\R,/RG 
1211 
1183 
1155 
1127 
1100 
1073 
1046 


200·C 
175176 
175/157 
175/244 
175/337 
175/437 
175/546 
RUN 
(Values 


1137 
1110 
1083 
1056 
1030 
1003 


300·C 
212173 
2121152 
2121235 
2121325 
2121422 


1066 
1039 
1013 
987 
962 


400·C 
247171 
247/146 
247/227 
247/313 
996 
971 
946 
921 


500·C 
280/68 
280/141 
280/219 
930 
905 
881 
NOTE: Values shown are for a Pl100 
RT 


600·C 
313/66 
313/136 
Double (x2) all values for Pl200. 


865 
641 


700·C 
345/64 
803 


800·C 
375/61 


743 


TABLE I.~, 
Ra, and ~ 
Resistor Values for Ptloo RTD. 
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±500~A typical 
output 
current 
adjustment 
range. 


5kn 
±50~A typical 
output 
current 
adjustment 
range. 


with Ro. If the input stage is set for high gain (as required 
with narrow 
temperature 
measurement 
spans) 
the output 
current adjustment may not provide sufficient range. In these 
cases, offset can be nulled by adjusting the value of Rz. 


TWO-WIRE 
AND 
THREE-WIRE 
RTD CONNECTIONS 


In Figure 
1, the RTD can be located 
remotely 
simply by 


extending 
the two connections 
to the RID. 
With this two- 


wire connection 
to the RTD, line resistance 
will introduce 


error. This error can be partially corrected by adjusting the 
values of Rz, Ro, and RUN' 


Equal 
line resistances 
here creates 
a small common-mode 
voltage 
which is rejected by XTR 103. 


3 
: 
: 


I 
Resistance 
in this line causes 
a small common-mode 
voltage 
which is rejected by XTR103. 


·Q2 optional. 
Provides 
predictable 
output 


curront 
jf any 
ono 


RTD connection 
is broken: 


tnfougn a mIrO WIre to me K 1V. Assummg line resistance 
IS 


equal in RTD lines 1 and 2, this produces a small common- 
mode voltage which is rejected by the XTRI03. 


OPEN-CIRCUIT 
DETECTION 


The optional transistor 
Q2 in Figure 4 provides 
predictable 
behavior with open-circuit 
RID 
connections. 
It assures that 
if anyone 
of the three RTD connections 
is broken, 
the 
XTR 103' s output current will go to either its high current 
limit (=34mA) or low current limit (=3.6mA). This is easily 
detected as an out-of-range 
condition. 


REVERSE-VOLTAGE 
PROTECTION 


Figure 5 shows two ways to protect against reversed output 
connection 
lines. Trade-offs in an application 
will determine 
which technique 
is better. D, offers series protection, 
but 
causes 
a O.7V loss in loop supply 
voltage. 
This may be 


undesirable 
if V+ can approach 
the 9V limit. 
Using 
D2 
(without D,) has no voltage loss, but high current will flow 
in the loop supply 
if the leads are reversed. 
This could 
damage the power supply or the sense resistor, RL. A diode 
with a higher current rating is needed for D2 to withstand the 
highest current that could occur with reversed 
lines. 


SURGE 
PROTECTION 


Long lines are subject to voltage surges which can damage 
semiconductor 
components. 
To avoid damage, 
the maxi- 
mum applied voltage rating for the XTR103 is 40V. A zener 
diode may be used for D2 (Figure 6) to clamp the voltage 
applied 
to the XTR103 
to a safe level. The loop power 
supply voltage must be lower than the voltage rating of the 
zener diode. 


Open RTC 
10 
Terminal 


1 
-34mA 


2 
~3.6mA 


3 
-3.6mA 
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If the RTD sensor is remotely located, the interference 
may 
enter at the input terminals. 
For integrated 
transmitter 
as- 
semblies 
with short connection 
to the sensor, the interfer- 
ence more likely comes from the current loop connections. 


Bypass capacitors on the input often reduce or eliminate this 
interference. 
Connect 
these 
bypass 
capacitors 
to the 
10 


terminal as shown in Figure 7. Although 
the DC voltage at 
the 10 terminal is not equal to OV (at the loop supply, Vps) 
this circuit point can be considered the transmitter's 
"ground." 


There are special zener diode types specifically 
designed to 
provide 
a very low impedance 
clamp and withstand 
large 
energy surges. These devices normally have a diode charac- 
teristic in the forward direction which also protects against 
reversed 
loop connections. 
As noted earlier, reversed 
loop 
connections 
would produce 
a large loop current, 
possibly 
damaging 
RL. 


The long wire lengths of current loops invite radio frequency 
interference. 
RF can be rectified 
by the sensitive 
input 
circuitry 
of the XTR 103 causing 
errors. 
This 
generally 
appears 
as an unstable 
output current 
that varies with the 
position of loop supply or input wiring. 


NOTE: (1) Zener diode 36V: 1N4753A 
or 


General 
Semiconductor 
Transorb 
no 1N6286A 


Maximum 
Vps must be less 
than minimum 
voltage 
rating 


01 zener 
diode. 


BURR-BROWNI8 
IE:lE:lI 
Burr-Brown Ie Data Book-Linear 
Products 


Pll00 


10QoCto 
600·C 


l~V+ 9 


7 
V 
8 
0 


o 
-=- 
0 - 5V 


V- 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
I~~I 


BURR - BROWN® 
IElElI 


4-20mA Current Transmitter with 
BRIDGE EXCITATION AND LINEARIZATION 


• 
LESS THAN ±1% TOTAL 
ADJUSTED 
ERROR, -40°C 
TO +85°C 


• 
BRIDGE 
EXCITATION 
AND LINEARIZATION 


• 
WIDE SUPPLY 
RANGE: 
9V to 40V 


• 
LOW SPAN DRIFT: 50ppml°C 
max 


• 
HIGH PSR: 110dB min 


• 
HIGH CMR: 
80dB min 


The XTRI04 
is a monolithic 
4-20mA, 
two-wire 
cur- 
rent transmitter 
integrated 
circuit designed 
for bridge 
input signals. 
It provides 
complete 
bridge 
excitation, 
instrumentation 
amplifier, 
linearization, 
and current 
output 
circuitry 
necessary 
for high impedance 
strain 
gage sensors. 


The instrumentation 
amplifier can be used over a wide 
range of gain, accommodating 
a variety of input signals 
and sensors. Total adjusted error of the complete current 
transmitter, 
including the linearized 
bridge is less than 
±l % over the full -40°C 
to +85°C temperature 
range. 
This includes zero drift, span drift and non-linearity 
for 
bridge outputs as low as lOmV. The XTRI04 
operates 
on loop power supply voltages down to 9V. 


Linearization 
circuitry consists of a second, fully inde- 


pendent instrumentation 
amplifier that controls the bridge 
excitation 
voltage. It provides 
second-order 
correction 
to the transfer 
function, 
typically 
achieving 
a 20: 1 
improvement 
in nonlinearity, 
even with low cost trans- 


ducers. 


The XTRI04 
is available 
in 16-pin plastic 
DIP and 
SOL-16 
surface-mount 
packages 
specified 
for 
the 


-40°C 
to +85°C temperature 
range. 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
FACTORY 
AUTOMATION 


• 
SCADA 
• 
WEIGHTING 
SYSTEMS 


• 
ACCELEROMETERS 


~ 
; 
1.0:~ 
c 0.5 
oz 


5mV 


Bridge Output 
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XTR104BP. 
BU 
XTR104AP. 
AU 


PARAMETER 
CONOmONS 
MIN 
TYP 
MAX 
MIN 
I 
TYP 
I 
MAX 
UNITS 


OUTPUT 
I 
I 
I 
I 


Output Current Equation 
10 = V,•• 
(0.016 + 40/RG) 
+ 4mA 
VrH in 
Volts, Ao in n 
A 


Total Adjusted 
Error(1) 
TMIN to TMAX• 
VFS 
~ 10rnV, Re = 51<0 
±1 
±2 
%ofFS 
Current. Specified 
Range 
4 
20 
mA 


Over-Scale 
Limit 
34 
40 
mA 
Under Scale-Limit 
3.6 
3.8 
mA 


Full Scale Output Error 
V,N·1V, 
RG'~ 
±15 
±5O 
±100 
~ 


Noise: O.lHz to 1kHz 
RG- 40n 
8 
~p.p 


ZERO OUTPUTI') 
V,N -OV, 
~-~ 
4 
mA 
Initial Error 
±5 
±SO 
±100 
~ 


V$ Temperature 
±D.2 
±D.5 
±1 
J.lAI"C 


YS Supply Voltage, V+ 
V+ • 9V to 40V(3) 
0.5 
2 
. 
)JAIV 


YS Common-Mace 
Voltage 
VCM = 2V to 3V(3) 
0.1 
2 
)JAIV 


SPAN 
Span Equation (Transconductance) 
S. 
0.016 + 40/Rc 
AN 


Untrimmed 
Error 
RG ~ 75n 
±D.1 
±1 
% 
V$ Temperature(4l 
±20 
±5O 
±100 
ppmf'C 


Nonlinearity: 
Ideal Input 
0.01 
% 


Bridge Input IS) 
0.1 
% 


INPUT 
Differential 
Range 
1 
V 


Input Voijage 
Range(3) 
2 
3 
V 
Common-Mode 
Rejection 
V,N • 2V to 3V(3) 
80 
100 
dB 
Impedance: 
Differential 
3 
an 


Common-Mode 
0.5 
an 


Offset Voltage 
±D,5 
±2.5 
mV 


V$ Temperature 
1 
2.5 
2 
5 
~VI'C 


YS Supply Voltage, V+ 
V+ = 9V to 40V(3) 
110 
130 
dB 
Input Bias Current 
100 
250 
nA 
vs Temperature 
0.1 
2 
nArC 


Input Offset Current 
2 
20 
nA 


V$ Temperature 
0.01 
0.25 
nArC 


VOLTAGE 
REFERENCEII) 
Voltage 
5 
V 


Accuracy 
±D.25 
±D.5 
±1 
% 


V$ Temperature 
±10 
±5O 
±100 
ppml"C 


YS Supply Voltage, V+ 
V+ - 9V to 40V(3) 
5 
ppmN 


V$ Load 
Il=Oto2mA 
50 
ppm/mA 


POWER SUPPLY 
Voltage Aange(3), V+ 
9 
40 
V 


TEMPERATURE 
RANGE 
Specification 
(TMIN to TMAXl 
-40 
85 
'C 
Opera~ng 
Derated Performance 
-40 
125 
'C 


8JA 
80 
'CIW 


•. Specification 
same as XTR104BP. 


NOTES: (1) Includes corrected second-order 
nonlinearity of bridge, and over-temperature 
zero and span effects. Does not include initial offset and span errors which 
are normally trimmed to zero at 25°C. (2) Describes 
accuracy of the 4mA low-scale 
current. 
Does not include input amplifier 
effects. Can be trimmed 
to zero. 


(3) Voltage measured with respect to 10pin. (4) Does not include TeR of gain-setting resistor, Ra. (5) When configured to correct for S2% second-order 
bridge sensor 
nonlinearity. 
(6) Measured with RUN:: 
00 to disable linearization 
feature. 
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Top View 


V+1N 


V-IN 


V+L1N 


V-UN 


Ro 


Ro 


10 


RLIN 
8 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


XTR104AP 
16-pin Plastic DIP 
-40°C 
to +85°C 
XTR104BP 
16-pin Plastic DIP 
-4O"C to +8S'C 
XTR104AU 
SOL-16 Surtace Mount 
-4O"C to +8S'C 
XTR104BU 
SOL-16 Surtace Mount 
-4O"C to +8S'C 


A 
ELECTROSTATIC 
Jl!Jtt;;;. DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


r-OWttf 
>:>UWIY, 
y~ 
\1"IOICIlVC1\,l 
lV 
'01-""/ 
.... 


Input Voltage, 
V+1N, 
V-IN' 
V+UN' 
V-UN (referenced 
to lo pin) ..... OV to V+ 


Storage Temperature Range 
.. -55°C 
to +125°C 


Lead Temperature 
(soldering, 
10s).. 
.. 
+300'C 


Output 
Current 
limit 
.. 
. 
Continuous 


Junction 
Temperature 
+165°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


XTR104AP 
16-Pin Plastic DIP 
180 
XTR104BP 
16-Pin Plastic DIP 
180 
XTR104AU 
SOL-16 Surtace Mount 
211 
XTR104BU 
SOL-16 Surtace Mount 
211 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes 
no responsibility 
for the use of this information, 
and a/l use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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80 


~ 
E 
60 
RG·25n 
C>.3 


0 
RG = lOon 
~ 
i!l 
40 
-RG·400n 
~ 
:> 
RG·2kn 


""c 
~ 
20 
RG=- 


~ 


0 


100 
lk 
10k 
lOOk 
1M 


Frequency (Hz) 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
V+1N 
9 
RUN 
2 
V-IN 
10 
v+ 
3 
V-+LIN 
11 
E (Eminer) 


4 
V-UN 
12A,12B 
VAEF 
5 
Ro 
13 
B (Base) 


6 
Ro 
14 
Zero Adj. 


7 
10 
15 
Zero Adj. 


8 
RUN 
16 
Zero Adj. 


Pads 12A and 12B must be connected. 


NC: No Connection 
Substrate 
Bias: 
Internally connected to the 10terminal 


(#7). 


MILS (0.001") 
MILLIMETERS 


Die Size 
168 x 104 ±5 
4.27 x 2.64 ±0.13 


Die Thickness 
20 ±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
None 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 
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Loop Power Supply Vo~age, Ves (V) 
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100 
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40 
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10 
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hgure 
1 shows the basic connection diagram for the XTRI04. 


The loop power 
supply, 
Vps, provides 
power 
for all cir- 


cuitry. 
Loop current 
is measured 
as a voltage 
across the 


series load resistor, RL. 


A high 
impedance 
(~2750n) 
strain 
gage 
sensor 
can be 
excited 
directly 
by the 5V reference 
output terminal, 
VR. 


The output 
terminals 
of the bridge 
are connected 
to the 
instrumentation 
amplifier 
inputs, V+INand V-IN. The resis- 
tor, Ro, sets the gain of the instrumentation 
amplifier 
as 


required by the full-scale 
bridge voltage, VFS. 


The transfer function is: 


Ie = VIN• (0.016 + 40/Ro) + 4mA, 


Where: VIN is the voltage applied to the V+INand 
V-IN differential 
inputs (in Volts.) Ra in n. 


With no Ro connected 
(Ro = ~), a OV to IV input produces 
a 4 to 20mA output current. With Ro = 25n, 
a OV to 10mV 
input produces a 4 to 20mA output current. Other values for 
Ro can be calculated 
as follows: 


2500 
_1__ 
1 
VFS 


Where: VFS is the full scale voltage applied to the V+INand 
V-IN differential 
inputs (in Volts). 


Ro inn. 


Under-scale 
input voltage (negative) 
will cause the output 


current to decrease below 4mA. Increasingly 
negative input 


will cause 
the 
output 
current 
to limit 
at approximately 


3.6mA. 


Increasingly 
positive input voltage (above VFS) will produce 
increasing output current according to the transfer function, 
up to the output current limit of approximately 
34mA. 


(1)RG'~0 
--1 
VFS 


where VFS is Full Scale 
V1N0 


(2) R. ~ 27500. Otherwise add series resistance (see Figure 8). 
(3) see text - 
"Linearization". 


4 to 20mA i;;o~ ~~~~t.-Us;~; 
~·~xt~~.;J 
~;~ist~~i~~I~;~~ 


the power dissipation 
from the precision input and reference 
circuitry of the XTRI04, 
maintaining 
excellent 
accuracy. 


Since the external 
transistor 
is inside a feedback 
loop its 


characteristics 
are not critical. 
Many common 
NPN types 


can be used. Requirements 
for operation 
at the full loop 


supply voltage are: VCEO = 45V min, ~ = 40 min and PD = 
800m W. Power dissipation requirements 
may be lower if the 
maximum loop power supply voltage is less than 40V. Some 
possible choices for QI are listed in Figure 
1. 


LOOP POWER SUPPLY 


The voltage applied to the XTRI04, 
V+, is measured 
with 
respect to the 10 connection, 
pin 7. V+ can range from 9V to 


40V. The loop supply 
voltage, 
Vps, will differ from the 
voltage applied to the XTRI 04 according to the voltage drop 
on the current sensing resistor, RL (plus any other voltage 
drop in the line). 


If a low loop supply voltage 
is used, RL must be made a 


relatively low value to assure that V+ remains 9V or greater 
for the maximum 
loop current of 20mA. It may, in fact, be 


prudent to design for V+ equal or greater than 9V with loop 
currents up to 34mA to allow for out-of-range 
input condi- 
tions. The typical performance 
curve "Loop Resistance 
vs 


Loop 
Power 
Supply" 
shows 
the allowable 
sense resistor 
values for full-scale 
20mA. 


The 
low operating 
voltage 
(9V) of the XTRl04 
allows 


operation 
directly from personal 
computer 
power supplies 
(12V±5%). 
When 
used 
with the RCV420 
Current 
Loop 
Receiver 
(see Figure 9), load resistor voltage drop is only 


1.5V at 20mA. 


Type 


2N4922 


T1P29B 


TIP31B 


Package 


T0-225 


TO·220 


TO·220 
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Figure 
I shows a bridge trim ClfCUIt(K1, KzJ. 
1hIS aOJust- 
ment can be used to compensate 
for the initial accuracy 
of 
the bridge and/or to trim the offset voltage of the XTRI04. 
The values of Rj and R2 depend on the impedance 
of the 
bridge, and the trim range required. This trim circuit places 
an additional load on the YR output. The effective load of the 
trim circuit is nearly equal to R2. Total load on the Y R output 
terminal must not exceed 2mA. An approximate 
value for R1 


can be calculated: 


5Y • R 
R 
= 
B 


j 
4·Y 


TRIM 


Where: RB is the resistance 
of the bridge. 


YTRIM is the desired ±voltage trim range (in V). 


Make R2 equal or lower in value to R1• 


Figure 2 shows another way to adjust zero errors using the 
output current 
adjustment 
pins of the XTRI04. 
This pro- 


vides ±500IJA (typical) 
adjustment 
around the initial low- 


scale output current. 
This is an output current 
adjustment 
that is independent 
of the input stage gain set with ~. 
If the 
input stage is set for high gain the output current adjustment 
may not provide sufficient range. 


±500~A typical 
output 
current 
adjustment 
range. 


±50~A typical 
output 
current 
adjustment 
range. 


FIGURE 2. Low-scale 
Output Current Adjustment. 


LINEARIZATION 


Differential 
voltage applied to the linearization 
inputs, Y+UN 


and Y- UN' causes the reference 
(excitation) 
voltage, YR' to 


vary according 
to the following 
equation: 


K 
Y 
= 5Y +Y 
~ 
R 
UN 
R 
UN 


Where: 
YUN is the voltage applied to the Y+LINand V-UN 
differential 
inputs (in V). 


RLINin Q. 
KLIN= 24000 (approximately 
±20% depending 
on 
variations in the fabrication of the XTRI 04). 


±O.5Y in response to the bridge output voltage. Be sure that 
the total load on the YR output 
is less than 2mA at the 


maximum 
excitation 
voltage, YR = 5.5Y. 


Signal-dependent 
variation of the bridge excitation 
voltage 
provides a second-order 
term to the complete transfer func- 


tion (including the bridge). This can be tailored to correct for 
bridge 
sensor nonlinearity. 
Either 
polarity 
of nonlinearity 


(bowing up or down) can be compensated 
by proper connec- 
tion of the YLINinputs. Connecting 
Y+LINto Y+INand Y-LIN 


to Y-IN (Figure I) causes YR to increase with bridge output 
which 
compensates 
for a positive 
bow in the bridge 
re- 


sponse. Reversing 
the connections 
(Figure 3) causes YR to 


decrease 
with increasing 
bridge output, to compensate 
for 
negative-bowing 
nonlinearity. 


To determine the required value for RLINyou must know the 
nonlinearity 
of the bridge 
sensor with constant 
excitation 
voltage. The linearization 
circuitry can only compensate 
fo 
4 


the parabolic 
portion 
of a sensor's 
nonlinearity. 
Parabolic 
nonlinearity has a maximum deviation from linear occurring 
at mid-scale (see Figure 4). Sensors with nonlinearity 
curves 


similar to that shown in Figure 4, but not peaking exactly at 
mid-scale can be substantially 
improved. A nonlinearity 
that 
is perfectly 
"S-shaped" 
(equal 
positive 
and 
negative 
nonlinearity) 
cannot be corrected 
with the XTRI04. 
It may, 


however, be possible to improve the worst-case nonlinearity 
of 
a sensor 
by 
equalizing 
the 
positive 
and 
negative 
nonlinearity. 


The 
nonlinearity, 
B (in % of full scale), 
is pOSItive or 
negative depending on the direction of the bow. A maximum 
of ±2.5% 
nonlinearity 
can be corrected. 
An approximate 


value for RLINcan be calculated 
by: 


KUN 
• Y FS 


0.2· 
B 


KLIN= 24000. 
YFS is the full-scale 
bridge output (in Yolts) with 


constant 5Y excitation. 
B is the parabolic 
nonlinearity 
in ±% of full scale. 


RLINin Q. 


Methods 
for refining 
this calculation 
involve 
determining 
the actual value of KLINfor a particular 
device (explained 
later). 


B is a signed 
number 
(negative 
for a downward-bowing 


nonlinearity). 
This can produce a negative value for RLIN.In 
this case, use the resistor value indicated 
(ignore the sign), 


but connect Y+LINto Y-IN and Y-LIN to Y+1Nas shown in 
Figure 3. 


This approximate 
calculation 
of RLIN generally 
provides 


about a 5: I improvement 
in bridge nonlinearity. 


Example: 
The 
bridge 
sensor 
depicted 
by the 
negative- 


bowing curve in Figure 4. Its full scale output is lOmV with 
constant 
5Y excitation. 
Its maximum 
nonlinearity, 
B, is 


-1.9% 
referred to full scale (occurring 
at mid-scale). 
Using 


equation 5: 
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R 
LlN 


Z 
24000 • 0.01 = -632 Q 
0.2· (-1.9) 


Use RUN = 632Q. Because the calculation 
yields a negative 
result, connect Y+LIN to Y- IN and Y- LIN to Y+IN' 


Gain is affected by the varying the excitation 
voltage. For 
each I % of corrected 
nonlinearity, 
the gain must be altered 
by 4%. As a result, equation 2 will not provide an accurate 
RG when 
nonlinearity 
correction 
is used. The following 
equation calculates the required value for ~ 
to compensate 
for this effect. 


R 


G 
I 
--------1 
(I + 0.04 
• B) Y FS 


B must again 
be a signed 
number 
in this calculation- 
positive for positive bowing nonlinearity, 
and negative for a 
negative-bowing 
nonlinearity. 


~ 
= 23.32Q for the example above. 


A more accurate value for RLIN can be determined 
by first 
measuring 
the actual gain constant 
of the linearization 
in- 
puts, 
KLIN (see equation 
4). Measure 
the change 
in the 
reference 
voltage, 
!'J. YR. in response to a measured 
voltage 
change 
at the linearization 
inputs, 
!'J. YLIN' Make this mea- 
surement with a known, temporary test value for RLIN. These 
measurements 
can be made during operation 
of the circuit 
by providing stimulus to the bridge sensor, or by temporarily 
unbalancing 
the bridge with a fixed resistor in parallel with 
one of the bridge resistors. 
Calculate 
the actual KLIN: 


!'J.Y 
• R 
R 
TEST 


!'J. Y UN 


Where: !'J.YLIN is the change in voltage at YUN' 


A V R is the measured change in reference voltage, VR' 
RTEST is a temporary 
fixed value of RLIN (in Q). 


" 
2 
~ 


"5 
u. 
15 
~ 
2:- 
.~ -1 


.~coz 
-2 


-3 
o 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
O.B 
0.9 


Normalized 
Stimulus 
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OTHER SENSOR 
TYPES 


The XTRI04 
can be used with a wide variety of inputs. Its 


high input impedance 
instrumentation 
amplifier is versatile 
and can be configured 
for differential 
input voltages 
from 
millivolts 
to a maximum 
of IV full scale. The linear com- 
mon-mode 
range of the inputs is from 2V to 4V, referenced 
to the 10 terminal, 
pin 7. 


You can use the linearization 
feature of the XTRI04 
with 
any sensor whose output is ratiometric 
with an excitation 
voltage. For example, Figure S shows the XTRI04 
used with 
a potentiometer 
position sensor. 


Then, 
RUN can be calculated 
using equation 
S using the 
accurate 
value 
of KUN from equation 
7. KUN can be a 
different 
value for each XTRI04. 


It is also possible 
to make a real-time 
adjustment 
of RUN 
with a variable 
resistor 
(active 
circuit 
trimming). 
This is 
done by measuring 
the change in VR in response to a zero- 
to-VFS change 
in voltage 
applied 
to the VUN inputs. 
To 
correct for each I% of nonlinearity, 
the excitation 
voltage, 


VR, must make 
a 4% change 
at full-scale 
input. 
So the 
change in reference voltage, 6.VR' for a full-scale change in 
VUN can be calculated 
by: 


'IlI:t 


Figure 6 shows two ways to protect against reversed output 
0 
T"" 
connection lines. Trade-offs in an application 
will determine 
a:: 
which technique 
is better. 0\ offers series protection, 
but 
~ 
causes 
a 0.7V loss in loop supply 
voltage. 
This may be 
>< 
undesirable 
if V+ can approach 
the 9V limit. 
Using 
O2 
(without 0\) has no voltage loss, but high current willflOW. 
in the loop supply 
if the leads are reversed. 
This could 
damage the power supply or the sense resistor, RL. A diode 
with a higher current rating is needed for O2 to withstand the 
highest current that could occur with reversed lines. 


Example: 
A bridge sensor has a -1.9% 
nonlinearity. 
Apply 
the full-scale 
bride output, VFS (IOmV), to the VUN inputs 
and adjust RUN for: 


Note that with all the calculation 
and adjustment 
methods 
described 
above, the full-scale 
bridge output is no longer 
equal to V FS because the excitation voltage at full scale is no 
longer SV. All the calculations 
and adjustment 
procedures 
described 
above 
assume 
VFS to be the full-scale 
bridge 
output 
with constant 
SV excitation. 
It is not necessary 
to 
iterate the calculations 
or adjustment 
procedures 
using the 
new full-scale bridge output as a starting point. However, a 
new value for Ro must be calculated 
using equation 
6. 


A refined value for RUN' arrived at either by active circuit 
trimming, 
or by measuring 
linearization 
gain (equation 
7) 
will improve 
linearity. 
Reduction 
of the original parabolic 
nonlinearity 
of the sensor can approach 40: I. Actual results 
will depend on higher-order 
nonlinearity 
of the sensor. 


If no linearity correction is desired, make no connections 
to 
the RUN pins (RUN = 00). This will cause the VR output to 
remain a constant +SV. The V+LINand V-LIN inputs should 
remain connected 
to the bridge output to keep these inputs 
biased in their active region. 


Long 
lines may be subject 
to voltage 
surges 
which 
can 
damage semiconductor 
components. 
To avoid damage, 
the 
maximum 
applied voltage rating for the XTRI04 
is 40V. A 
zener diode can be used for O2 (Figure 
7) to clamp 
the 
voltage 
applied 
to the XTRI04 
to a safe level. The loop 
power supply voltage must be lower than the voltage rating 
of the zener diode. 


There are special zener diode types (Figure 7) specifically 
designed to provide a very low impedance 
clamp and with- 
stand large energy 
surges. These devices 
normally 
have a 
diode 
characteristic 
in the forward 
direction 
which 
also 
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The long wire lengths of current loops invite radio frequency 
interference. 
RF can be rectified 
by the sensitive 
input 
circuitry 
of the XTRl04 
causing 
errors. 
This 
generally 


appears 
as an unstable 
output current 
that varies with the 
position of loop supply or input wiring. 


If the bridge sensor is remotely 
located from the XTRl04, 


the interference 
may enter at the input terminals. 
For inte- 
grated transmitter 
assemblies 
with short connections 
to the 


sensor, the interference 
more likely comes from the current 
loop connections. 


terminal (see Figure 7). Although 
the DC voltage at the 10 
terminal 
is not equal to OV (at the loop supply, 
Vps) this 


circuit point can be considered 
the transmitter's 
"ground". 


LOW-IMPEDANCE 
BRIDGES 


Low impedance 
bridges can be used with the XTRl04 
by 
adding series resistance to limit excitation current to $2mA. 
Equal resistance 
should be added to the upper and lower 
sides of the of the bridge (Figure 8) to keep the bridge output 
voltage centered 
at approximately 
2.5V. Bridge 
output 
is 
reduced, 
so a preamplifier, 
as shown, 
may be needed 
to 
reduce offset and drift. 


Zener diode 36V: 1N4753A 
or 
General 
Semiconductor 
Transorb™ 
1N6286A, 
special 
low impedance 
clamp type. Use lower voltage 
zener 
diodes with loop power supply voltages 
less than 30V 
for increased 
protection. 
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V+ 


9 


8 
7 


Vo 


o 
"7 
0-5V 
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PRECISION VOLTAGE-TO-CURRENT 
CONVERTERITRANSMITTER 


• 
4mA TO 20mA TRANSMITTER 


• 
SELECTABLE 
INPUT/OUTPUT 
RANGES: 
OV to +5V, OV to +10V Inputs 
OmA to 20m A, 5mA to 25mA Outputs 
Other 
Ranges 


.0.005% 
MAX NONLINEARITY, 
14 BIT 


• 
PRECISION 
+10V REFERENCE 
OUTPUT 


• 
SINGLE 
SUPPLY 
OPERATION 


• 
WIDE SUPPLY 
RANGE: 
13.5V to 40V 


The XTRllO 
is a precision 
voltage-to-current 
con- 
verter designed for analog signal transmission. 
It ac- 
cepts 
inputs 
of a to 5V or a to IOV and can be 
connected 
for outputs of 4 to 20mA, a to 20mA, 5 to 
25mA and many other commonly 
used ranges. 


A precision 
on-chip metal film resistor network pro- 
vides input scaling and current offsetting. 
An internal 
IOV voltage reference 
can be used to drive external 
circuitry. 


The XTRllO 
is available 
in l6-pin 
plastic DIP, ce- 
ramic DIP and SOL-16 surface-mount 
packages. Com- 
mercial and industrial 
temperature 
range models are 
available. 


APPLICATIONS 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
PRESSUREITEMPERATURE 
TRANSMITTERS 


• 
CURRENT-MODE 
BRIDGE 
EXCITATION 


• 
GROUNDED 
TRANSDUCER 
CIRCUITS 


• 
CURRENT 
SOURCE 
REFERENCE 
FOR 
DATA ACQUISITION 


• 
PROGRAMMABLE 
CURRENT 
SOURCE 
FOR TEST EQUIPMENT 


• 
POWER PLANT/ENERGY 
SYSTEM 
MONITORING 


1 
Source 
Resistor 


13 ~~~~~ 


14 g~~: 


7 
} ~~:: 


Ad/ust 


BURR-BROWN~ 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


At T A = +25°C and Vcc '" +24 V and RL = 2500", 
unless otherwise specified. 


XTRll0AG, 
KP, KU 
XTRll0BG 


PARAMETER 
CONOmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


TRANSMmER 
Transfer 
Function 
10 ~ 10 [(VReFIn/16) 
+ (V~,/4) + (V,.,t2)J IA.,.••• 
Input Range: V1N,(5) 
Specified 
Performance 
0 
+10 
V 
V,N2 
Specified 
Performance 
0 
+5 
V 
Current. 
10 
Specified 
Performance{l) 
4 
20 
mA 
Derated Perlormance(l) 
0 
40 
mA 
Nonlinearity 
16mAl20mA 
Spanl') 
0.01 
0.025 
0.002 
0.005 
% of Span 
Offset Current, 
los 
10 z 4mA(1) 


Initial 
(1) 
0.2 
0.4 
0.02 
0.1 
% of Span 
vs Temperature 
(1) 
0.0003 
0.005 
0.003 
% of Spanrc 
vs Supply, Vcc 


(1) 
0.0005 
0.005 
% of SpanIV 
Span Error 
10·20mA 
Initial 
(1) 
0.3 
0.6 
0.05 
0.2 
% of Span 
vs Temperature 
(') 
0.0025 
0.005 
0.0009 
0.003 
% of Span/oC 
vs Supply, Vcc 
I') 
0.003 
0.005 
% of SpanIV 
Output Resistance 
From Drain of FET (QEXT)13) 
10 X 10' 
Q 
Input Resistance 
V1N1 
27 
kQ 


VlN2 
22 
kQ 
VREF In 
19 
kQ 


Dynamic Response 
Settling Time 
To 0.1% of Span 
15 
US 
To 0.01% of Span 
20 
uS 
Slew Rate 
1.3 
mAlus 


VOLTAGE 
REFERENCE 


Output Voltage 
+9.95 
+10 
+10.05 
+9.9B 
+10.02 
V 
vs Temperature 
35 
50 
15 
30 
ppml"C 
vs Supply, Vcc 
Una Regulation 
0.0002 
0.005 
%N 
vs Output Current 
Load Regulation 
0.0005 
0.01 
%/mA 
vs Time 
100 
ppm/lk 
hrs 
Trim Range 
-0.100 
+0.25 
V 
Output Current 
Specified 
Performance 
10 
mA 


POWER SUPPLY 
Input Voltage, Vcc 
+13.5 
+40 
V 
Quiescent 
Current 
Excluding 
10 
3 
4.5 
mA 


TEMPERATURE 
RANGE 


Specification: 
AG, BG 
-40 
+B5 
°C 
KP, KU 
0 
+70 
°C 
Operating: AG, BG 
-55 
+125 
°C 
KP,KU 
-25 
+85 
°C 


• Specifications 
same as AGlKP grades .•• Specifications 
apply to the range of Rl shown in Typical Performance 
Curves. 


NOTES: (1) Including internal reference. 
(2) Span is the change in output current resulting from a full-scale change in input voltage. (3) Within compliance range limited 
by (+Vcc-2V) 
+Vos required for linear operation of the FET. (4) ForVREF 
adjustment circuit see Figure 3. (5) For extended IREF drive circuit see Figure 4. (5) Unit may 
be damaged. See section, ~Input Voltage Range". 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Power Supply, +Vcc 
40V 


Input Voltage, V1N1, VIN2, 
VREF 
IN" 
••.... 
+Vcc 


See text regarding 
safe negative input voltage range. 


Storage Temperature 
Range: A, B 
-55°C 
to +125°C 
K, U 
-40°C 
to +B5°C 


Lead Temperature 
(soldering, 
IDs) G, P 
300°C 
(wave soldering, 
3s) U 
260°C 
Output Short-Circuit 
Duration, Gate Drive 
and VREF 
Force.. 
. 
Continuous 
to common and +Vcc 
Output Current Using Internal son Resistor 
40mA 


Any integral circuit can be damaged 
by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision 
integrated circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


Theinformationprovidedhereinisbelievedto bereliable;however,BURR·BROWNassumesnoresponsibilityfor inaccuraciesor omissions.BURR-BROWNassumesnoresponsibilityfortheuse 
of this information.and all useof suchinformationshall beentirelyat the user'sownrisk..Pricesandspecificationsaresubjectto changewithoutnotice.Nopatentrightsor licensesto any of the 
circuitsdescribedher";n are impliedor grantedto anythird party.BURR-BROWNdoesnot authorizeor warrantany BURR-BROWNproductfor use in life supportdevicesand/orsystems. 


BURR-BROWN_ 
IE:I E:l1 
Burr-Brown Ie Data Book-Linear 
Products 


16 
+Vcc 


VREF Force 


Gate 
Drive 


VREFAdjust 


4mA Span 


'6mA 
Span 


V,N, (10V) 


V,N• (SV) 


Zero Adjust 


Zero Adjust 


Span Adjust 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


XTR1'OAG 
16-Pin Ceramic 
DIP 
-4Q'C 
to +SS'C 


XTR1'OBG 
16·Pin Ceramic 
DIP 
-4Q'C 
to +SS'C 


XTR1'OKP 
'6-Pin 
Plastic DIP 
O'C to +70'C 


XTR1'OKU 
SOL -16 Surface-Mount 
O'C to +70'C 


~ 
II 
> 
0., 
~ 
il' 
> 
.." 
0.0' 


0.001 


100 


2l 
SO 
oc_ 
••u 
~L 
mE 
60 
U 
E E 
••< 
t-- 
•• 
40 
c 
>I~ 
20 


0 


0 


4.278 


4 


VREFOulput Current (mA) 
(lOUThas minimal effect on TJ) 


r"'''''rvo\\,II:Lln'''.''II'1U 


MODEL 
PACKAGE 
NUMBEfl{') 


XTR"OAG 
16-Pin Ceramic DIP 
,09 
XTR1'OBG 
16·Pin Ceramic 
DIP 
,09 


XTR1'OKP 
'6-Pin 
Plastic DIP 
'SO 
XTR1'OKU 
SOL -16 Surface-Mount 
2" 


~ 
'"g- 
(; 
~ 
0.1 


"~ 
:t 
0.01 
.." 


0.00' 


c 
'"g- 
(; 
~ 
g 
w -, 
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TYPICAL PERFORMANCE CURVES (CO NT) 


I 
I 
10: 20mA 


, 


10:4mA 


2500 


2000 


1500 
§: 
rL 
1000 


500 


0 


15 
20 
25 
30 
35 


+Voc (V) 


10 
into 
soon 


OV 


10 Error 
(0.01% 01 
SpanIBox) 


10 Error 


(0.01% of 
Span/Box) 
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For Immediate Assistance, Contact YourLocal Salesperson 


APPLICATIONS INFORMATION 


Figure 1 shows the basic connections 
required for 0 to lOV 
input and 4 to 20mA output. Other input voltage and output 
current ranges require changes in connections 
of pins 3, 4, 5, 
9 and 10 as shown in the table of Figure 
l. 


The complete 
transfer function of the XTRllO 
is: 


[ 
(V 
REF IN) 
(VIN,) 
(VIN,) 
] 


10 ---+--+-- 


I 
- 
16 
4 
2 
(1) 
o 
R 
SPAN 


RSPAN is the internal son resistor, 
~, 
when connected 
as 
shown in Figure 1. An external RSPAN can be connected 
for 
different 
output current ranges as described 
later. 


An external pass transistor, 
QEXT' 
is required 
as shown in 
Figure 1. This transistor conducts the output signal current. 
A P-channel 
MOSFET 
transistor 
is recommended. 
It must 
have a voltage rating equal or greater than the maximum 
power supply voltage. Various recommended types are shown 
in Table 1. 


Force 15 


Sense 
12 
.10V 


Reference 
VAEF 
11 
Adj. 


4 


V,N 


Oto 10V 


R, 


R, 


5 


2 


"7 


MANUFACTURER 
PART NO. 
BVOSS(1) 
BVGS(1) 
PACKAGE 


Ferranti 
ZVP1304A 
40V 
20V 
TO-92 
ZVP1304B 
40V 
20V 
TO-39 
ZVP1306A 
60V 
20V 
TO·92 
ZVP1306B 
60V 
20V 
TO-39 


International 
Rectifier 
IRF9513 
60V 
20V 
TO-220 


Motorola 
MTP8P08 
80V 
20V 
TO-220 


RCA 
RFL1P08 
80V 
20V 
TO-39 


RFT2P08 
80V 
20V 
TO-220 


Siliconix 
VP0300B 
30V 
40V 
TO-39 


(preferred) 
VP0300L 
30V 
40V 
TO-92 
VP0300M 
30V 
40V 
TO-237 
VP0808B 
80V 
40V 
TO-39 
VP0808L 
80V 
40V 
TO-92 
VP0808M 
80V 
40V 
TO-237 


Supertex 
VP1304N2 
40V 
20V 
TO-220 
VP1304N3 
40V 
20V 
TO-92 
VP1306N2 
60V 
20V 
TO-220 
VP1306N3 
60V 
20V 
TO-92 


NOTE: (1) BVos,,---Drain-source 
breakdown 
voltage. 
BV Gs-Gate-source 
breakdown 
voltage. 


4mA Span 


16mA Span 


INPUT 
OUTPUT 
RANGE (V) 
RANGE (mA) 
PIN 3 
PIN 4 
PIN 5 
PIN 9 
PIN 10 


0-10 
0-20 
Com 
Input 
Com 
Com 
Com 


2-10 
4-20 
Com 
Inpuf 
Com 
Com 
Com 
0-10 
4-20 
.10V 
Ref 
Input 
Com 
Com 
Open 


0-10 
5-25 
.10V 
Ref 
Input 
Com 
Com 
Com 
0-5 
0-20 
Com 
Com 
Inpuf 
Com 
Com 
1-5 
4-20 
Com 
Com 
Input 
Com 
Com 
0-5 
4-20 
.10V 
Ref 
Com 
Input 
Com 
Open 
0-5 
5-25 
.10V 
Ref 
Com 
Input 
Com 
Com 
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If the supply 
voltage, 
+Vcc, exceeds 
the gate-to-source 
breakdown 
voltage 
of QEXT' and the output 
connection 
(drain of QEXT) is broken, 
QEXTcould fail. If the gate-to- 
source breakdown 
voltage is lower than +Vcc, QEXTcan be 
protected 
with a l2V zener diode connected 
from gate to 


source. 


Two PNP discrete transistors (Darlington-connected) 
can be 
used for QEX,--see 
Figure 2. Note that an additional capaci- 
tor is required for stability. Integrated Darlington 
transistors 
are not recommended 
because 
their internal 
base-emitter 
resistors cause excessive 
error. 


TRANSISTOR 
DISSIPATION 


Maximum 
power dissipation 
of QEXTdepends on the power 
supply voltage and full-scale output current. Assuming 
that 
the load resistance 
is low, the power dissipated by QEXTis: 


PMAX = (+Vcc) IFS 
(2) 


The transistor type and heat sinking must be chosen accord- 
ing to the maximum 
power dissipation 
to prevent overheat- 
ing. See Table II for general recommendations. 


PACKAGE TYPE 
ALLOWABLE 
POWER DISSIPATION 


TO-92 
Lowest: 
Use minimum 
supply and at +25°C. 


TO-237 
Acceptable: 
Trade-off 
supply and temperature. 
TO-39 
Good: 
Adequate 
for majority of designs. 
TO-220 
Excellent: 
For prolonged 
maximum 
stress. 
TO-3 
Use if hermetic 
package 
is required. 


T ABLE 
II. 
External 
Transistor 
Package 
Type 
and 
Dissipation. 


INPUT VOLTAGE 
RANGE 


The internal op amp AI can be damaged if its non-inverting 
input (an internal 
node) is pulled 
more than O.5V below 
common (OV). This could occur if input pins 3, 4 or 5 were 
driven with an op amp whose output could swing negative 
under abnormal conditions. The voltage at the input of Al is: 


(VREF IN) 
(VIN1) 
(VIm) 
VAl =---- 
+--- 
+--- 
16 
4 
2 


This voltage should not be allowed to go more negative than 
-D.5V. If necessary, 
a clamp diode can be connected 
from 
the negative-going 
input to common 
to clamp 
the input 
voltage. 


COMMON 
(Ground) 


Careful 
attention 
should 
be directed 
toward 
proper 
con- 
nection 
of the common 
(grounds). 
All commons 
should 
be joined 
at one point as close to pin 2 of the XTR II0 as 
possible. 
The 
exception 
is the 
lOUT return. 
It can 
be 
returned 
to any 
point 
where 
it will 
not modulate 
the 
common 
at pin 2. 


VOLTAGE 
REFERENCE 


The reference 
voltage 
is accurately 
regulated 
at pin 
12 
(VREF SENSEl.To preserve accuracy, any load including pin 
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VREFSense 


VREFAdjust 


3 should be connected 
to this point. The circuit in Figure 3 


shows adjustment 
of the voltage reference. 


The current drive capability of the XTRllO's 
internal refer- 
ence is lOmA. This can be extended if desired by adding an 
external NPN transistor 
shown in Figure 4. 


OFFSET (ZERO) ADJUSTMENT 


The offset current can be adjusted by using the potentiom- 
eter, R1, shown in Figure 5. Set the input voltage to zero and 
then adjust RI to give 4mA at the output. For spans starting 


1~FTantalum ~ 


V 
Third Wire 


+ 
24V -=- 


13 
S 
-l: 


FIGURE 
5. Offset and Span Adjustment 
Circuit for OV to 
+ lOV Input, 4mA to 20mA Output. 


at OmA, the following 
special procedure 
is recommended: 


set the input to a small nonzero value and then adjust R I to 
the proper output current. When the input is zero the output 
will be zero. Figures 6 and 7 show graphically 
how offset is 
adjusted. 


SPAN ADJUSTMENT 


The span is adjusted at the full-scale output current using the 
potentiometer, 
Rz, shown in Figure 5. This adjustment 
is 
interactive 
with the offset adjustment, 
and a few iterations 
may be necessary. 
For the circuit 
shown, 
set the input 
voltage to +IOV full scale and adjust Rz to give 20mA full- 
scale output. Figures 6 and 7 show graphically 
how span is 
adjusted. 


The values 
of Rz, 
R3, and ~ 
for adjusting 
the span are 
determined 
as follows: 
choose R4 in series to slightly de- 
crease the span; then choose Rz and R3 to increase the span 
to be adjustable 
about the center value. 


LOW TEMPERATURE 
COEFFICIENT 
OPERATION 


Although the precision resistors in the XTRII 0 track within 
IppmJOC, the output 
current 
depends 
upon 
the absolute 
temperature 
coefficient 
(TC) of anyone 
of the resistors, R6, 


R7, Rg, and R9. Since the absolute TC of the output current 
can have 20ppmJOC, maximum, 
the TC of the output current 
can have 20ppm/°C 
drift. For low TC operation, 
zero TC 
resistors can be substituted 
for either the span resistors (~ 
or R7) or for the source resistor (R9) but not both. 


<" 
S- 
.2 
15 


"1- 
,"' •.•,.•..••. 
R2 = 100kO 
R, = 49.9kO 
R.=31.SQ 


c~ 
:> 
() 


:> 
10 
g. 


<5 


FIGURE 
6. Zero and Span of OV to + lOV Input, 4mA to 
20mA Output Configuration 
(see Figure 5). 


20 


<" 
See values in Figure 6. 
S- 
In addition, connect 


.2 
15 
pins 9 and 10 together. 
E~ 
:> 
() 
20mA Span 
~ 
10 


<5 


FIGURE 7. Zero and Span ofOV to +IOV1N, OmA to 20mA 
Output Configuration 
(see Figure 5). 


EXTENDED 
SPAN 


For spans beyond 40mA, the internal 50n resistor (~) 
may 
be replaced by an external resistor connected 
between pins 
13 and 16. 


Its value can be calculated 
as follows: 


REXT= R9 (SpanoLdSpanNEW) 


Since the internal thin-film 
resistors have a 20% absolute 
value tolerance, 
measure 
~ 
before determining 
the final 
value of REXT.Self-heating 
of REXTcan cause nonlinearity. 


Therefore, 
choose one with a low TC and adequate power 
rating. See Figure 
10 for application. 
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TYPICAL APPLICATIONS 


The XTRllO 
is ideal for a variety of applications 
requiring 
high noise immunity current-mode 
signal transmission. 
The 
precision +1OV reference can be used to excite bridges and 
transducers. 
Selectable 
ranges 
make 
it very useful 
as a 
precision programmable 
current source. The compact design 


and 
low price 
of the XTRllO 
allow 
versatility 
with 
a 
minimum 
of external 
components 
and design engineering 
expense. 


Figures 
8 through 
lO show 
typical 
applications 
of the 
XTRllO. 


+15V 


15 
16 


12 
+10V 
R, 


Reference 
2U 
0 


11 
""" 
""" 
4 
a: 
T, 
l- 


--=- 
>< 


Rs 200U 
} 
Fine Tnm 
Span 


RH 50kU 
Adjust 


Course Tnm 


R1• R2: 
Low TC resistors to dissipate 
O.32W continuous 
power. 
For other current ranges, 
scale both resistors proportionately. 
Rs. R10, 
R11: 
10-turn trimpols for greatest 
sensitivity. 
Rs. R7: 
Low TC resistors. 
A, - A,: 
1/4 LM324 (powered by ±15V). 
T,: 
International Rectifier IR9513(1). 


T2: 
International 
Rectifier 
IR513(1). 


T3: 
International 
Rectifier 
IRFF9113(11. 


NOTE: 
(1) Or other adequate 
power rating MOS transistor. 


BURR - BROWNe 
IE3 E31 
Burr-Brown Ie Data Book-Linear 
Products 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products 
I~~I 


BURR - BROWN® 
IElElI 


HIGH CURRENT BRIDGE DRIVER 
and 4-20mA Transmitter 


• 
SENSOR 
EXCITATION 
OF 1W 


• 
VARIABLE 
EXCITATION 
VOLTAGE: 


1.5V 
to 5.0V 


• 
SINGLE SUPPLY: 
11.4V to 30VDC 


• 
INRUSH CURRENT 
LIMITING 


• 
4-20mA TRANSMITIER 


The XTR50 I contains a high efficiency 
DCIDC con- 


verter and 4-20mA 
three wire current 
transmitter. 
It 
provides 
regulated 
bridge 
excitation, 
optional 
half 
bridge, differential 
inputs and current transmitter 
nec- 
essary 
for the excitation 
and signal conditioning 
of 
low impedance 
bridge sensors and high integrity sig- 
nal transmission. 


APPLICATIONS 


• 
GAS DETECTION 
SENSORS 


• 
PELLISTOR 
CATALYTIC 
DETECTORS 


• 
STRAIN GAGES 


• 
HIGH CURRENT 
BRIDGES 


• 
LOAD CELLS 


• 
HOT-WIRE 
ANEMOMETERS 


The DCIDC converter is capable of supplying 
IW into 
a regulated 
bridge 
voltage 
of 1.5V to 5.0V from a 
supply of 11.4V to 30V. The combination 
of a low 


startup 
current 
and high efficiency 
current 
step-up 
allows for a combined 
supply line resistance 
of up to 
lOOQ when exciting low impedance 
sensors. 


The instrumentation 
amplifier of the current transmit- 
ter can be used over a wide range of gains, accommo- 
dating a variety of input signals and sensors. 


The XTR501 
is particularly 
suited 
to excitation 
of 
high current/low 
impedance 
sensors 
used in bridge 
applications 
allowing the use of lighter cabling lead- 
ing to considerable 
savings on cabling costs. 


.. ? .24V 


LOngC~ 
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XTR501 


PARAMETER 
CONOmONS 
MIN 
TYP 
MAX 
UNITS 


INSTRUMENTATION 
AMPLIFIER/CURRENT 
TRANSMITTER 


.1 
J 
SIGNAL 
OUTPUT 
Output Current Equation 
RG in 0, V1N in V 
10= 0.004 + 0.016 [(1 + 50kWRG)14.94] 
V'N 
A 
Output Current 
Linear Operating 
Range 
4 
20 
mA 
Over-scale 
Limit 
25 
27 
mA 
Under-scale 
Limij 
0 
mA 


ZERO 
Output Current 
4 
mA 
Offset Error 
±SO 
±100 
~ 
vs Temperature 
0.2 
"ArC 
vs Supply VoUage 
Vs' 
11.4V to 30V 
0.5 
2 
',lAIV 


SPAN 
Span Equation 
Ro in a,V'N in V 
Span = 0.016[(1 + 50kWRG)14.94] 
AN 
Untrimmed 
Error 
G .1 
±0.2 
±2.5 
% 


G = 250 
±1.5 
±10 
% 


vs Temperature 
50 
ppml"C 
Nonlinearity 
G = 1, 10= 4mA to 20mA 
±0.025 
% 


INPUT 
Common-Mode 
Range 
0 
4.94(1) 
V 
Offset VoUage 
16 
mV 
vs Temperature 
50 
~vrc 
vs Supply Voltage 
75 
dB 
Common-Mode 
Rejection 
85 
dB 
Impedance; 
Differential, 
Common-Mode 
10'0 II 6 
a II pF 


DClDC CONVERTER 
BRIDGE 
EXCITATION 
VOLTAGE 
SOURCE 
Output Voltage 
1.5 
5 
V 
vs Temperature 
V,N - OV, G. 
1 
200 
ppml"C 
vs Long Term Stability 
100 
ppm/1000hrs 
Output Power 
1 
W 
Line Voltage RegUlation 
Vs = 11.4V to 30.0V 
0.25 
% 


Load VoUage Regulation 
Load Current 160mA to 340mA 
0.25 
% 


Load Voltage 2V 
Output Voltage Ripple 
Load Current 300mA 
150 
mV 
Load Voltage 2V 
Output Voltage Ripple Frequency 
100 
kHz 
Output Short-Circuit 
Current 
Limited Duration 
2.6 
A 
Input Current 
Output Short-Circuit 
150 
mA 


POWER SUPPLY 
Supply VoUage, Vs 
11.4 
24 
30 
V 
Supply Current 
See Typical Curve 


TEMPERATURE 
Operating 
-40 
+70 
·C 
Storage 
-40 
+85 
·C 


The Information 
prOVided 
herein 
Is believed 
to be reliable; 
however, 
aURA-BROWN assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Input 
Vottage 
IUV 
Output 
Power 
1W 


Operating 
Temperature 
Range 
O°C to +70°C 
Storage 
Temperature 
Range 
-40°C 
to +85°C 


24 
G.SET 


23 
GASENSE 


22 
+VIN 


XTRS01 


18 
V•• 


lOUT 
10 
+VBSENSE 


Common 
11 
14 
VBSET 


Vs 
12 


_XT_R_SO_1 
1 
24-Pin 
Plastic 
Module 
1__ 
-4_0"_C_t_O_+_70_o_C 
__ 
~ 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


XTRS01 
24-Pin 
Plastic 
Module 
902 


PIN DESCRIPTION 


PIN 
NAME 
DESCRIPTION 


1 
GBSET 
Connect 
to RSPANto set transconductance. 


2 
GBSENSE 
sense 
pin for GBSET connect 
to GASET. 


3 
-VIN 
Inverting 
input to transmitter. 


10 
lOUT 
OUtput 
Current 
connect 
through 
RSENSEto 


common. 


11 
Common 
Supply 
return 
for sense 
and 
VB connectors. 


12 
Vs 
Supply 
to XTRS01 
+11.4V 
to 30.0V. 


14 
VBSET 
Single 
resistor 
to common 
sets the bridge 
excitation 
voltage. 


15 
+VBSENSE 
Positive 
bridge 
sense 
input connect 
to positive 


excitation 
voltage 
at bridge. 


16 
+VB 
Positive 
bridge 
excitation 
voltage. 


17 
-VB 
Negative 
bridge 
excitation 
voltage. 


18 
V •• 
OUtput 
from 
internal 
haW bridge 
connect 
to -V,N. 


22 
+VIN 
Non·lnverting 
input to transmitter. 


23 
GASENSE 
sense 
pin for GASETconnect 
to GASET. 


24 
GAser 
Connect 
to RSPANto set transconductance. 
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TYPICAL PERFORMANCE CURVES 
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10 = 4-20mA, V,N• 27mV 
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310kHz 
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TYPICAL PERFORMANCE CURVES (CONT) 


~ 20 
'"N 
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10 
20 
30 
40 


Untrimmed Error TC Drift (ppm?C) 
Average = 21ppm?C 
30= 
25ppm?C 


~ 
'" 
0.03 
g> 
'"c3 
'"~g 
'"~ 
lD 


0.12 
0.18 


Output Current (A) 


ZERO CURRENT TC (~Ar'C) 
20 


15 
~ 
::> 
'0 
10 
:8 
§z 
.•.. 
0 
II)c:: 


0 
I- 


0 
0.05 
0.1 
0.15 
0,2 
0.25 
>< 


Zero Current Drift (~Ar'C) 
Average = 0.1OO~Ar'C - 


30 = 0.115~AI'C 


en 
BRIDGE VOLTAGE 
LINE REGULATION 
c:: 
0.1 
W 
VBRIOGE: 2.0V, ILOAO: 300mA, Vs = 12V - 30V 
u:: 
0.08 


0.06 
::ia. 


0.04 
:E 
?t. 
<C 


0.02 
Z0 


-{).02 


~ 


18 
24 
30 
~Z 


Vs(V) 
w:E 
::::) 
c::I- 


BRIDGE VOLTAGE 
REGULATION 
vs TEMPERATURE 
en 


0.1 
Z 


~ 
0 


'" 
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C> 
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() 
'" 
C> 
Jl! 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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:2 
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'"c.> 
8 
'0 
I;; 
6 
.Q 
§ 
4 
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2 


30 
60 
90 
120 
150 


Bridge Excitation Voltage Temperature 
Drift (ppmrC) 
Average. 
70ppmrC 
3<1= 70ppmrC 


The XTRSO l consists of a high efficiency DCIDC converter 
with current 
and voltage mode control and a current 
loop 
transmitter. 


The pulse-width 
modulation 
controller 
monitors the current 
and voltage control signals and varies the conduction 
period 
to regulate the bridge excitation 
voltage, VB' 


A soft-start feature is provided to negate problems caused by 
high in-rush currents and lead resistances, 
thus allowing the 
XTRSO I to be driven through cables of up to lOOn of supply 
line resistance 
with no reduction 
in performance. 


A single 
resistor, 
RSET' determines 
the regulated 
bridge 
excitation 
voltage which may be in the range I.5V to S.OV. 


The gain of the transconductance 
amplifier, which forms the 
current 
loop transmitter, 
is again determined 
by a single 
resistor RSPANand allows input voltages from 2Sm V to drive 
the 4-20mA current loop. 


LEL Methane 


Bridge Voltage 
V EX 
Rm 


io 


RSPAN 


5% '" V1N 
'" SOmV 


g 
2.0V 
21.8581<0 
4·20mA 
• 
510n 


110 


100 


90 
<"E- 
80 
<= 
~ 
70 


c.> 
60 
i 
50 
" 
Ul 
40 


30 


20 
0 
200 
300 


ILOAO(mA) 


The XTRSOI is designed 
to be used with a wide range of 
pellistor 
catalytic 
gas detectors. 
The pellistor 
gas detector 
consists of a matched pair of elements; an active bead which 
is the sensing element, 
and an inactive 
bead which is the 
compensating 
element. 
These elements 
form one side of a 
Wheatstone 
bridge arrangement. 
The bridge serves a dual 
purpose: 
to raise the temperature 
of the elements 
to about 
SOO°C, which is their working 
temperature, 
and to allow 
detection of the presence of combustible gases through imbal- 
ance of the bridge. This happens 
as the pellistor 
increases 
temperature 
due to oxidation of the flammable 
gas and thus 
increases its resistance. 


In general, pellistor catalytic gas detectors are limited in use 
to monitoring 
up to 100% of the LEL 
(lower 
explosive 
limit). Beyond this point ambiguous results can occur due to 
the inability of the pellistor to oxidize the gas as the avail- 
able oxygen decreases 
(see Figure 3). 


16 .VB 


15 
+VsSENSE 


XTR501 
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-V1N 
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For additional bridge 
smoothing, 
100~H 
inductors 
may be 
inserted 
as shown. 


Note that inductors 
must be able to handle 
high bridge current. 


An interesting feature of pellistor elements, and those tested 
in the applications, 
is that they create a similar bridge output 
at LEL for almost all hydrocarbons. 
This feature allows a 
comparative 
measurement 
to be made of one gas when an 
instrument 
has been calibrated 
for another. 


e.g. Instrument 
calibrated 
for Methane 
(K=112) measuring 
Hydrogen 
(K=85.8). 


Actual % of LEL will be 1.31 x meter reading. 
(112/85.8). 


This is an approximation 
and it is recommended 
that for 
exact conversions 
the instrument 
should be calibrated using 
the relevant gases. 


Tables of these constants can be sourced through the manu- 
facturers of gas sensing products. 


An example 
of the XTR501 
used with a pellistor catalytic 
gas detector is shown in Figure 
I. 


To Calculate 
RSET 


See Figure 4. Point (a) will be maintained 
at 1.235V. 


VB -1.235 
_ 1.235 (50lcQ + RSET) 


lOlcQ 
RSET 50lcQ 


50lcQ (V B -1. 235) _ 50lcQ + RSET 
(lOlcQ)(1.235) 
RSET 


=1+ 
50kO 
RSET 


5(VB -1.235) 


1.235 


R 
_ 
(50kO) (1.235) 
SET- 5 (VB -1.235) 
-1.235 


v. 
RSET 
Calculated 


1.5 
Open 
2.0 
21.858kn 
3.0 
7.891kn 
4.0 
4.815kn 
5.0 
3.464kn 
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=>B- 
50 
<5 
"'"~ 


10 
+VeSENSE 


X 
10kn 


T 
R 
5 
SOkn 
ASET 


0 
1 


To Calculate RSPAN 


10 = 0.004 + 0.016 (I+ 50kO 1 RsPAN) V IN 
4.94 


0.02 = 0.004+0.016 (I+ 50lcQ 1 RsPAN) 0.01 
4.94 


0.016 
_1+(50lcQ/RsPAN) 


(0.016)(0.01) 
4.94 


R 
_ 50lcQ 
SPAN- 
493 


= 101.4 


4.94 =1+ 
50lcQ 
VIN 
RSPAN 


50kO 
RSPAN=~---1 
VIN 


5 Isolation Products 


Isolation amplifiers can be used to amplify and 
measure low level signals in the presence of high 
common-mode voltages, breakground loops and! 
or eliminate source ground connections, provide 
an interface between medical patient monitoring 
equipment, and provide isolation protection to 
electronic instruments/equipment. 


Our isolation amplifiers feature three different 
technologies-transformer 
isolation, capacitor iso- 
lation, and opto-isolation. The following selection 
guides will help you determine the performance 
and functionality that best fit your requirements. 
Choose from the industry's most complete line of 
isolation solutions including: 


18013O-Provides 
high isolation-mode rejection, 
wide bandwidth and low cost in 8-pin DIP and 
surface-mount packages. 
180122--Low 
cost, l500V isolation available in 
l6-pin plastic DIP and 28-pin SOIC packages. 
180120-Industry's 
first total hermetic isolation 
amplifier with 0.01% linearity. It is synchronous 
and offered with specifications over the military 
temperature range. 
180103-Unity-gain 
isolation amp combined with 
an internal isolated DCIDC converter in a space- 
saving, 24-pin ceramic DIP. 
180212--Low 
cost, uncommitted input amplifier, 
differential 
output 
with 
an internal 
isolated 
DCIDC converter. 


180100- 
Versatile, 
adjustable 
gain optically- 
coupled amplifier in a 18-pin DIP. 
3656--Transformer-coupled 
amplifier with an in- 
ternal isolated DCIDC converter that offers three 
port isolation. 
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180150-High 
speed, low cost dual digital trans- 
ceiver that is TTL- and CMOS-compatible, avail- 
able in a 24-pin plastic DIP and in a 28-lead SOIC. 
180164 and 180174-New, 
precision, input iso- 
lated programmable gain amplifiers. Capable of 
both fixed and variable gains, they allow flexibil- 
ity of input stage for use in applications such as 
IPC and data acquisition systems. 


180165 and 180175-New, 
precision, input iso- 
lated instrumentation amplifiers that offer excel- 
lent accuracy. A single resistor sets any gain from 
1 to 10,000. Available in a 24-pin plastic "Skinny". 
DIP. 
, 


180250 Family-This 
new family of precision, 
3-port isolated amplifiers consists of a buffer 
tJ) 
(lS0253), 
programmable gain (IS0254), 
instru- 
~ 
mentation (IS0255), 
and operational 
(IS0256) g 
amplifiers aimed at industrial process control ap- 
C 
plications. 
0 
180485 Family-A 
differential isolated bus trans- a: 
ceiver that uses capacitively-coupled isolation tech- a. 
nology to achieve high speed and low cost bus 
Z 
isolation. It is RS-485/RS-422 compatible. 
0 


180800 Family-A 
new series of 12- and 16-bit 
~ 
isolated sampling AID converters. Use of state-of- 
..J 
the-art CMOS architectures and high voltage ca- 0 
pacitors transfer data digitally across the isolation 
~ 
barrier thereby eliminating signal degradation. 


The selection guide also includes our versatile line 
of isolated DCIDC converters. 


t; 
ISOLATION PRODUCTS 


12·BIT 
IS0806 
(l.5llVnnl, 
4Ot<Hz) 
IS0808 
(l.5llVnnl, 
100kHz) 


If-BIT 
IS0801 
(l.5llVnnI, 
4Ot<Hz) 
ISOI09 (l.5llVnnI, 
1_) 


150100 
(750) 
150130 
(750) 
150102 
(1.5k) 
150120 
(1.5k) 
150122 
(1.5k) 
180164 
(1.5ll) 
180165 
(1.5ll) 
180166 
(1.5ll) 
180174 
(1.5ll) 
180175 
(1.5ll) 
180176 
(1.5ll) 
180182 
(1.51t) 
3650 
(2k) 
3652 
(2k) 
150106 
(3.5k) 
150121 
(3.5k) 


.umrr 
150103 (1.5k) 
150113 (1.5k) 
150213 (1.5k) 
150212 (1.5k) 
150107 (2.5k) 


3 PORT 
180253 (1.5ll) 
180264 (1.5ll) 
180255 (1.5ll) 
180256 (1.5ll) 
3656 
(3.5k) 


OI'TlCALLY·COUPlEO 
150100 
(Variable Gain) 
3650 
(Variable Gain) 
3652 
(Variable Gain, fEY Input) 
150130 
(G = 8, Differential in and out) 


CAPACmVE-COUPlEO 
150102 (G = 1) 
150103 (G = 1) 
150106 (G = 1) 
150107 (G = 1) 
150113 (G = 1) 
150120 (G = 1) 
150121 (G = 1) 
150122 (G = 1) 
180164 (PGA, G .1,10,100) 
ISOl65 (IMA, Variable 
Gain) 
ISOl66 (Varieble 
Gain) 
IS0174 (PGA, G .1, 
10, 100) 
IS0175 (IMA, Variable 
Gain) 
IS0178 (Variable 
Gain) 
180182 (G. I) 
IS0253 (G .1) 
180254 (PGA,G.l, 
10, 100, lODD) 
180255 (IMA, Variable 
Gain) 
180256 (Variable 
Glln) 


TRANSFORMER· COUPlED 
150212 (Variable Gain) 
3656 
(Variable Gain) 


PW5745 
(750) 
PW5750 
(750) 
724 
(lk) 
PW5740 
(1.5k) 
PW5725A 
(1.5k) 
PW5726A 
(3.Sk) 
722 
(3.5k) 


• DENOTES 
TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, 
ITALIC 
DENOTES 
PRODUCT 
IN DEVELOPJ 


NOTE: (1) All isolation 
vonages 
defined 
at continuous 
A( 


Some 
specifications 
have 
been 
estimated 
for compari 


purposes. 
Refer to data sheets 
for guaranteed 
specin 


I 


ANALOG WITHOUT POWI 


Isolstlon 
Isolation 
Input 
Isolation 
Isolation 
Mode 
Mode 
Leakage 
Offset 
Small 
Voltage 
Voltage 
Rejection 
Rejection 
Current 
Gain Non- 
Voltage 
Bias 
Signal 
• 
Cont 
PulselTest 
DC 
60Hz 
at 240Vl60Hz 
linearity 
Drift 
Current 
Bandwidth 


tl:l 
Peak (DC) 
Peak 
typ 
typ 
max 
max 
max 
max 
typ 
Temp(l) 
;:: 
Product 
(V) 
(V) 
(dB) 
(dB) 
lIJArms) 
(%) 
(±I!vrc) 
(nA) 
(kHz) 
Range 
Description 
~ 
IS0100 
750 
2500 
146(4) 
10B(4) 
0.3 
0.07 
2(4) 
10 
60 
Ind 
Low Drift Wide BW 
tl:l 
IS0102 
2121 
4000 
160 
120 
1.0 
±0.003 
250 
- 
70 
Ind(2) 
1500Vrms Isolation, Buffer 
~ 
IS0106 
4950 
BOOO 
160 
130 
1.0 
±0.025 
250 
- 
70 
Ind(2) 
3500Vrms Isolation, Buffer 
~ 
;:s 
IS0120 
2121 
2500(3) 
160 
115 
0.5 
±0.01 
150 
- 
60 
Mil(2) 
1500Vrms Isolation, Buffer 
~ 
IS0121 
4950 
5600(3) 
160 
115 
0.5 
±0.01 
150 
- 
60 
Mil(2) 
3500Vrms Isolation, Buffer 
:? 
IS0122 
2121 
2400(3) 
160 
140 
0.5 
±0.02 
200' 
- 
50 
Ind 
1500Vrms Isolation, Buffer 
IS0130 
720 
960(3) 
140 
140 
- 
±0.25 
2.1' 
670' 
B5 
Ind 
High IMR Wide BW, G = B 
is 
IS0164 
2121 
2500<3) 
115 
115 (50Hz) 
0.8 (50HZ) 
±O.01 
155 
5 
6 
Ind 
15OOVrmsisoiation 
with PGA 
tl:l 
IS0165 
2121 
2500<3) 
160 
115 
1 
±O.052 
1.2 
±10 
50 
Xlnd 
15OOVrms.INA 
CC 
IS0166 
2121 
2500<3) 
160 
115 
0.8 
±O.062 
150' 
±5 
6' 
Xlnd 
15OOVrms, Op Amp 
f 
IS0174 
2121 
2500<3) 
115 
115 (50Hz) 
0.8 (50Hz) 
±O.04 
505 
5 
60 
Ind 
1500Vrms Isolation with PGA 
t-< 
IS0175 
2121 
2500<3) 
160 
115 
1 
±O.052 
1.5 
±10 
50 
Xlnd 
1500Vrms.INA 
S· 
IS0176 
2121 
2500<3) 
160 
115 
0.8 
±O.062 
500' 
±5 
50' 
Xlnd 
15OOVrms, Op Amp 
~ 
150182 
2121 
24O(j3} 
140 
140 
0.5 
:to.01 
200' 
- 
160 
Ind 
TransIent Imunlty = 5kV/JJs 
.., 
'"tl 
3650 
2000 
5000 
140 
120 
0.35 
±0.05 
5 
40 
15 
Ind 
Balanced Current Input, Buffer 
~ 
3652 
2000 
5000 
140 
120 
0.35 
±0.1 
25 
50pA 
15 
Ind 
Balanced 
~ 
NOTES:Allpackagesare DIPsexcept150130and 150122whicharealsoavailableinsurlacemount.(1)Ind. -25'C to +85'C, Mil:-55'C 
to +125'C.(2)Hermetic.(3)Partialdischargetestvoltage.(4) R'N .10kO. 
'"0;- 


• DENOTESTYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLO, rrALlC 
DENOTES PRODUCT IN DEVELOPMEI 


~ 
Some 
specifications 
have 
been 
estimated 
for comparisor 


lJ..l 
purposes.Referto datasheetsfor guaranteedspecificati 


ISOLATION PRODUCTSI 


v, 
ANALOG WITH POWER 
~ 
Isolation 
Isolation 
Input 
Isolation 
Isolation 
Mode 
Mode 
Leakage 
Offset 
Small 
Voltage 
Voltage 
Rejection 
Rejection 
Current 
Gain Non- 
Voltage 
Bias 
Signal 
Cont 
PulselTest 
typ 
typ 
at 240VJ60Hz 
linearity 
Drift 
Current 
Bandwidth 
Peak 
Peak 
DC 
60Hz 
max 
max 
max 
max 
typ 
TempI') 


Product 
(V) 
(V) 
(dB) 
(dB) 
(uA) 
(%) 
(±!!VI"C) 
(nA) 
(kHz) 
Range 
Description 
IS0103 
2121 
5657 
160 
130 
2.0 
±0.025 
250 
20 
Ind 
1500Vrms Isolated Input Power, Buffer, 2 port 
IS0107 
3500 
8000 
160 
100 
2.0 
±0.025 
400 
20 
Ind 
2500Vrms Isolated Input Power, Buffer, 2 port 
IS0113 
2121 
5657 
160 
130 
2.0 
±0.02 
250 
20 
Ind 
1500Vrms Isolated Output Power, Buffer, 2 port 


IS0212 
2121 
2400(3) 
160 
115 
2.0 
±0.025 
(±30/G) 
50 
1 
Com 
750Vrms Isolated Input Power, Low Cost, 2 port 


IS0213 
2120 
2500(3) 
160 
115 
3.0 
±0.025 
(5±35/G) 
10 
1 
Com 
Instrumentation Amplifier, 2 port 
IS0253 
1500 
2500<3) 
160 
115 
2.0 
±o.1 
150 
NS 
50 
Xlnd 
Buffer, 3 port 
IS0254 
1500 
2500<3) 
160 
150 
2.0 
±o.102 
±(1 + 520/G) 
5 
50 
Xlnd 
Programmable 
Gain Amplifier, 
3 port 


IS0255 
1500 
2500<3) 
160 
130 
2.0 
±o.102 
±(4 + 510/G) 
10 
50 
Xlnd 
Instrumentation 
Amplifier, 
3 port 
IS0256 
1500 
2500<3) 
160 
130 
2.0 
±o.1 
±1.2 
±5 
50 
Xlnd 
Operational 
Amplifier, 
Input, 3 port 


3656 
3500 
8000 
160 
125 
0.5(2) 
±0.05 
(5+ 350/G,) 
100 
30 
Ind 
High Isolation Voltage, 3 port 


NOTES:All packagesareDIPsexceptthepackagelor the IS0212andIS0213is a SIP.(1) Ind: -25'C 10 +85'C, Com: O'Cto +70'C. Xlnd: -40'C to 85'C. (2)At 120V/60Hz.(3)Partialdischargetestvoltage,acVrms. 


Linearity 
Input 
Resolu- 
Error 
Range 
Sampling 
tion 
max 
(see table, pg 43) 
Rate 
(Bits) 
(%FSR) 
(V) 
(kHz) 


12 
±o.022 
C,D,S 
40 
16 
±o.0046 
C,D,S 
40 
12 
±o.022 
C,D,E,P,R,S 
100 
16 
±o.OO6 
C,D,E,P,R,S 
100 


THO 
(dB,max) 
-90' 
-100' 
-90' 
-100' 


Temp 
Range 


Ind 
Ind 
Ind 
Ind 


Product 


IS0806 
IS0807 
IS0808 
IS0809 


NMC 


12 
15 
12 
15 


Pkg 


PDIP 
PDIP 
PDIP 
PDIP 


Description 


Serlal,lsolated, 
Rated 1500 Vrms 
Serial, Isolated, Rated 1500 Vrms 
Serial, Isolated, Rated 1500 Vrms 
Serial, Isolated, Rated 1500 Vrms 


• DENOTESTYPICAL 
BOLDDENOTESNEWPRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


Current, 
Current, 


Isolation 
Isolation 
Leakage 
Balanced 
Balanced 
Voltage 
Voltage 
Input 
Input 
Current 
Loads On All 
Loads On All 
Sensitivity 
Cont 
Pulse Test 
Voltage 
Voltage 
240VAC 
Outputs 
Outputs 
To Input 
Peak 
Peak 
mln 
max 
60Hz 
Rated 
Max(') 
Change 
Temp(2) 


Product 
(V) 
(V) 
(VDC) 
(VDC) 
llJA) 
(mA) 
(mA) 
(VN) 
Range 
Pkg 
Description 


PWS725A 
2121 
4000 
7 
18 
2 
±15 
±40 
1.15 
Ind 
DIP 
Single±15VOutput 


PWS726A 
4950 
8000 
7 
18 
2 
±15 
±40 
1.15 
Ind 
DIP 
Single ±15V Output 
PWS740 
2121 
4000 
7 
20 
1.5 
30(3) 
60(3) 
1.20 
Ind 
Sys(4) 
MultipleOutput (1-8) 


PWS745(6) 
1060 
1200(7) 
10(5) 
18(5) 
1.5 
±15 
30 
1.20(5) 
Ind 
Comp 
MultipleOutput (1-8) 


PWS750 
1060 
1200(7) 
10(5) 
18(5) 
1.5 
±15 
30 
1.20(5) 
Ind 
Comp 
MultipleOutput (1-8) 


722 
3500 
8000 
5 
16 
1 
±3-40 
±50 
1.13 
Ind 
Mod 
Dual±15V Output 
724 
1000 
3000 
5 
16 
1 
±3-16 
±60 
0.63 
Ind 
Mod 
Quad ±8V Output 


NOTES: (1) See complete Product Data Sheet for full specifications, especially regarding output current capabilities. (2) Ind = -2S'C to +8S'C. (3) Per channel. (4) 1 TO-3 driver per 8 channels, plus 2 DIPs per channel. (S) 1SV operation. 
(6) PWS74S-1 driver may also be used with PWS740 components. 
(7) Partial discharge test voltage, ac Vrms. 


Isolation 
Isolation 
Leakage 
Power 
DIGITAL COUPLER 
Voltage 
Voltage 
Current 
Consumption 
Cont 
Pulse Test 
240VAC 
Data 
Per Channel 
Ext 
Peak 
Peak 
60Hz 
Rate 
max 
Power 
Product 
(Vrms) 
(V) 
llJA) 
(MBd)* 
(mW) 
Req 
TempI') 
Pkg 
Description 
IS0150 
1500 
2400(2) 
0.6 
80 
25 
Yes 
Xlnd 
DIP, SOIC 
Dual IsolatedTransceiver 
IS0485 
1500 
NS 
NS 
20 
180 at 5MBil/s 
Yes 
Xlnd 
DIP 
RS-485Transceiver 


Isolation 
Voltage 
Cont 
Leakage 
Gain Non- 
Peak 
Current 
Isolation 
linearity 
Frequency 
Product 
(V) 
(J.lArms) 
Impedance 
typ 
Response 


ISC300 
700 
4 
2GQ II 15pF 
±0.01% 
3.5Hz 


Temp(') 
Range 


Com 


Reference 
Voltage 


Yes 


Isolated 
PowerReq 


No 


Description 


Precision Measured Channel 


Isolation 
Voltage 
Cont 
Peak 
(V) 


2121 


Span 
Input 
Input 
CMR 
Output 
Output 
Temp 
Offset 
vsTemp 
vs 
Current 
Current 
Drift 
Voltage 
max 
Supply 
Range 
Limit 
Temp(') 


(ppmf'C) 
typ 
(~Vf'C) 
(dB) 
(mA) 
(mA) 
Range 
Pkg 
Description 


100 
500~LV 
5 
100 
4·20 
32 
Special 
Mod 
Two-Wire Transmitter 


Span 
Non- 
linearity, 
typ(%) 


0.01 (EMF) 
0.1 (RTD) 


NOTE: (1) Special = -20'C 
to +70'C, Com = O'C to 70'C. 


Span 
Untrimmed 
Error, 
max(%) 


-2.5 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLO, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


I 


BURR 
- BROWN® 


113131 


Optically-Coupled Linear 
ISOLATION AMPLIFIER 


• 
EASY TO USE, SIMILAR 
TO AN OP AMP 


VOUrlllN= RF, Current 
Input 


VOUrNlN = R~RIN' Voltage 
Input 


.100% 
TESTED 
FOR BREAKDOWN: 


750V Continuous 
Isolation 
Voltage 


• 
ULTRA-LOW 
LEAKAGE: 
0.3J..1A,max, at 
240Vl60Hz 


• 
WIDE BANDWIDTH: 
60kHz 


• 
18-PIN DIP PACKAGE 


The ISOIOO is an optically-coupled 
isolation 
ampli- 
fier. High accuracy, 
linearity, 
and time-temperature 
stability are achieved by coupling light from an LED 
back to the input (negative 
feedback) 
as well as for- 
ward to the output. Optical components 
are carefully 
matched and the amplifier is actively laser-trimmed 
to 
assure excellent 
tracking and low offset errors. 


The circuit acts as a current-to-voltage 
converter with 
a minimum 
of 750V (2500V test) between input and 
output 
terminals. 
It also effectively 
breaks 
the gal- 


vanic connection 
between input and output commons 
as indicated by the ultra-low 60Hz leakage current of 
O.31JA at 250V. 
Voltage 
input 
operation 
is easily 
achieved 
by using one external resistor. 


Versatility along with outstanding 
DC and AC perfor- 
mance 
provide 
excellent 
solutions 
to a variety 
of 
challenging 
isolation 
problems. 
For 
example, 
the 
ISOlOO is capable 
of operating 
in many modes, in- 


cluding: 
noninverting 
(unipolar 
and bipolar) 
and in- 


verting 
(unipolar 
and bipolar) 
configurations. 
Two 
precision 
current sources are provided to accomplish 


bipolar 
operation. 
Since these are not required 
for 
unjpolar operation, they are available 
for external use 
(see Applications 
section). 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Transducer 
Sensing 
(Thermocouples, 
RTD, 
Pressure 
Bridges) 


4mA to 20mA Loops 
Motor and SCR Control 
Ground 
Loop Elimination 


• 
BIOMEDICAL 
MEASUREMENTS 


• 
TEST EQUIPMENT 


• 
DATA ACQUISITION 


Designs 
using the ISOIOO are easily 
accomplished 
with relatively 
few external components. 
Since VOUT 
of the ISOlOO is simply IINRF' gains can be changed 
by altering one resistor value. In addition, the ISO 100 
has sufficient 
bandwidth 
(DC to 60kHz) 
to amplify 
most industrial 
and test equipment 
signals. 


BURR-BROWNe 
113131 


IS0100AP 
IS0100BP 
IS0100CP 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage 


Rated Continuous, 
AC peak or oc(1) 
750 
V 
Test Breakdown, DC 
10s 
2500 
V 


Rejection(2) DC 
5 
pAN 


R'N = 10kU, Gain = 100 
146 
dB 


AC 
60Hz, 480V, RF = lMn 
400 
pAN 


R'N = 10kU, Gain = 100 
108 
dB 
Impedance 
1012112.5 
nllpF 
Leakage Current 
240Vr ms, 60Hz 
0.3 
1lA, rms 


OFFSET VOLTAGE 
(RTI) 
Input Stage (Vos,) 
Initial Offset 
500 
300 
200 
~V 


vs Temperature 
5 
2 
2 
~V/·C 
vs Input Power Supplies 
105 
dB 
0 
vs Time 
1 
~VIkHr 
0 
Output Stage (Voso) 
.•.. 
Initial Offset 
500 
300 
200 
~V 
0 
V$ Temperature 
5 
2 
2 
~vrc 
vs Output Power Supplies 
105 
dB 
~ 
vs Time 
1 
~VIkHr 
Common· 
Mode 
Rejection 
Ratio(2) 
60Hz, RF = 1Mn 
3 
nAN 


R'N = 10kU, Gain = 100 
90 
dB 
Common-Mode 
Range 
±10 
V 


REFERENCE CURRENT SOURCES 
Magnitude 
en 
Nominal 
10.5 
12 
12.5 
IlA 


vs Temperature 
300 
150 
ppml·C 
I- 


vs Power Supplies 
0.3 
3 
nAN 
0 
Matching 
:) 
Nominal 
50 
nA 
C 
vs Temperature 
150 
ppmJOC 


V$ Power Supplies 
0.3 
nAN 
0 
Compliance 
Voltage 
-10 
+15 
V 
a:: 
Output Resistance 
2 x 10' 
n 
C. 


FREQUENCY 
RESPONSE 
Small Signal Bandwidth 
Gain = WIllA 
60 
kHz 
Z 
Full Power Bandwidth 
Gain = WIllA, Vo =±10V 
5 
kHz 
0 
Slew Rate 
0.22 
0.31 
VI~ 


~ 


Settling Time 
0.1% 
100 
~ 


TEMPERATURE 
RANGE 
Specification 
-25 
+85 
·C 
..J 


Operating 
-40 
+100 
·C 
0 
Storage 
-55 
+100 
·C 
~ 
UNIPOLAR 
OPERATION 


GENERAL 
PARAMETERS 
Input Current Range 
Linear Operation 
-20 
-0.02 
IlA 
Without Damage 
-1 
+1 
mA 
Input Impedance 
0.1 
n 


Output Voltage Swing 
RL = 2kU, RF = lMn 
-10 
0 
V 


Output Impedance 
DC, Open-Loop 
1200 
n 


GAIN 
Vo = RF (I'N) 
Initial Error (adjustable 
to zero) 
2 
5 
1 
2 
1 
2 
%of 
FS 


vs Temperature 
0.03 
0.07 
0.01 
0.05 
0.005 
0.03 
%JOC 


V$ Time 
0.05 
%/kHr 
Nonlinearity(3j 
0.1 
0.4 
0.03 
0.1 
0.02 
0.07 
% 


CURRENT 
NOISE 
I'N = 0.21lA 
0.01 Hz to 10Hz 
20 
pAp-p 
10Hz 
1 
pN% 


100Hz 
0.7 
pN% 


1kHz 
0.65 
pN% 


BURR· BROWN~ 
IE:lE:lI 
Burr-Brown Ie Data Book-Linear 
Products 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


ISOlOOAP 
ISOlOOBP 
IS0100cP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT OFFSET CURRENT 
(Ios! 
Initial Offset 
1 
10 
nA 


vs Temperature 
0.05 
nArC 


vs Power Supplies 
0.1 
nAIV 
vs Time 
100 
pAlkHr 


POWER SUPPLIES 
Input Stage 
Voltage (rated perlormance) 
±15 
V 
Voltage (derated perlormance) 
±7 
±18 
V 
Supply Current 
I'N • -j).02~ 
±1.1 
±2 
mA 


I'N = -20~ 
+8, -1.1 
+13, -2 
mA 


Output Stage 


Voltage (rated perlormance) 
±15 
V 
Voltage (derated perlormance) 
±7 
±18 
. 
V 


Supply Current 
Va = 0 
±1.1 
±2 
mA 


Short Circuit Current Limit 
±40 
mA 


BIPOLAR 
OPERA nON 


GENERAL 
PARAMETERS 
Input Current Range 


Linear Operation 
-10 
+10 
~ 
Without Damage 
-1 
+1 
mA 
Input Impedance 
0.1 
n 
Output Voltage Swing 
Rl = 2kn, 
RF = lMn 
-10 
+10 
V 
Output Impedance 
1200 
n 


GAIN 
Va = RF (I'N) 


Initial Error (Adjustable 
To Zero) 
2 
5 
1 
2 
1 
2 
%01 FS 


vs Temperature 
0.03 
0.07 
0.01 
0.05 
0.005 
0.03 
o/of'C 
vs Time 
0.05 
'%/kHr 
Nonlinearity<3) 
0.1 
0.4 
0.03 
0.1 
0.02 
0.07 
% 


CURRENT 
NOISE 
I'N = 0.2~ 


0.01 Hz to 10Hz 
1.5 
nA, p-p 


10Hz 
17 
pAJ,jHz 


100Hz 
7 
pAJ,jHz 


1kHz 
6 
pAJ,jHz 


INPUT OFFSET CURRENT 
(los, bipola~') 


Initial Offset 
40 
200 
20 
70 
10 
35 
nA 


vs Temperature 
3 
2 
1 
nArC 
vs Power Supplies 
0.7 
nAIV 
vs Time 
250 
pAlkHr 


POWER SUPPLIES 
Input Stage 
Voltage (rated perlormance) 
±15 
V 


Vo~age (derated perlormance) 
±7 
±18 
V 
Supply Current 
I'N' 
+10~ 
+2, -1.1 
+3, -2 
mA 
I'N = -10~ 
+8, -1.1 
+13, -2 
mA 


Output Stage 


Voltage (rated perlormance) 
±15 
V 


Vo~age (derated perlormance) 
±7 
±18 
V 
Supply Current 
Vo = 0 
±1.1 
±2 
mA 
Short Circuit Current Limit 
±40 
mA 


• Same as IS0100AP. 
NOTES: (1) See Typical Performance 
Curves for temperature 
effects. (2) See Theory of Operation section for definitions. 
For dB see Ex. 2, eM and HV errors. 


(3) Nonlinearity 
is the peak deviation from a "best fit" straight line expressed as a percent of full scale output. (4) Bipolar offset current includes effects of reference 


current mismatch 
and unipolar offset current. 


The 
information 
provided 
herein 
is believed 
to 
be 
reliable; 
however, 
BURR-BROWN 
assumes 
no 
responsibility 
for 
inaccuracies 
or omissions. 
BURR·BROWN 


assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are sUbject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR·BROWN 
product for use in life support devices and/or systems. 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
IE:lE:lI 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


IS0100AP 
18-Pin Bottom-Braze 
DIP 
-25'C 
to +85'C 
IS0100BP 
18-Pin Bottom-Braze DIP 
-25'C 
to +85'C 


I~0100CP 
18-Pin Bottom-Braze DIP 
-25°C 
to +85°C 


BURR - BROWNe 
11:11:11 
Burr-Brown Ie Data Book-Linear 
Products 


Supply Voltages 
±18V 


Isolation Voltage, AC pk or DC 
750V 


Input Current 
±1 mA 
Storage Temperature Range.. 
. 
-55°C 
to +100°C 


Lead Temperature 
(soldering, 
10s) 
+300'C 
Output 
Short-Circuit 
Duration 
Continuous 
to Ground 


PACKAGE 
DRAWING 
- 


MODEL 
PACKAGE 
NUMBERI') 


IS0100AP 
18-Pin Bottom-Braze 
DIP 
220 


IS0100BP 
18-Pin 
Bottom-Braze 
DIP 
220 


IS0100CP 
18·Pin Bottom-Braze DIP 
220 


-- 


co~ 


~ 
-10 
I 


10 
100 


Frequency (kHz) 


±18Vcc 


/ 
±13VCC 


±10VCC 
- 


Output stagey / 
Power Supply 
HVCC 


Vo= (12~A) (RF) 


= IVccl-1.2V 
max 


, 


~ 
g> 


~ 
±10i 


BIPOLAR INPUT STAGE SUPPLY CURRENT 


vs INPUT CURRENT 
PHASE SHIFT vs FREQUENCY 


10 


<' 
5 
90 
.s 
~ 


+Vcc 
" 
" 


l!! 


~ 


5l' 
~180 


0 
-Vcc 
j 
1>:- 
0. 
0. 
a. 


:> 
(/) 
-5 
270 


-10 


-20 
-10 
0 
10 
20 
10 
100 
1000 


I'N(~A) 
Frequency (kHz) 


-5 
~ 
g> 
.j; 
-10 
(/) 
'5S 
:>0 


-15 


Vo = (12~A) (RF) 


= IVccl-1.2V 
max 


±7Vcc 
- 


\ 
±10Vcc 


\ 
±13Vcc 


Output Stage \ 


- 
Power Supply 
\ 
±18Vcc 


I 


1i 
:>ot 
(/) -5 


o 


I'N(~A) 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products 
I~~I 


1250 


c: 
1000 
~ 


Q) 
C> 
~ 
750 
>c 
~ 
500 
~ 
()« 
250 


Recommended 
~ 
Operating 
Region 


- 


85"C 


U 
ih 2.5 
'"+ 
j2 
~ 
OJ 
E 
1.5 
is;:;. 
g 
wc 
0.5 
'" 
Cl 


50 
65 
75 
TT 
Temperature 
eCl 


NOTES: VT and TTapproximate 
the threshold 
for the indicated 
gain shift. This is 


caused 
by tho propertio:J 
of the optical 
cavity. 
TT~ +65"C. VT- 200VDC. Shift does 
not occur fo AC voltages. 


VIM"" Isolation-Mode 
Voltage 
VT= Threshold Voltage 
TT"" 
Threshold 
Temperalure 
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For Immediate Assistance, Contact Your Local Salesperson 


THEORY OF OPERATION 


The ISOloo 
is fundamentally 
a unity gain current amplifier 
intended to transfer small signals between electrical circuits 
separated 
by high voltages or different 
references. 
In most 
applications, 
an output voltage 
is obtained 
by passing 
the 
output current through the feedback 
resistor (RF). 


The ISOIoo 
uses a single light emitting diode (LED) and a 
pair of photodiode 
detectors coupled together to isolate the 
output signal from the input. 


Figure 1 shows a simplified 
diagram of the amplifier. 
lREFI 
and lREF2 are required only for bipolar operation to generate 
a midscale reference. The LED and photodiodes 
(DI and Dz) 
are arranged such that the same amount of light falls on each 
photodiode. 
Thus, 
the currents 
generated 
by the diodes 
match very closely. 
As a result, the transfer 
function 
de- 
pends upon optical match rather than absolute performance. 
Laser-trimming 
of the components 
improves 
matching 
and 
enhances 
accuracy, 
while negative feedback 
improves 
lin- 
earity. 
Negative 
feedback 
around 
Al occurs 
through 
the 
optical 
path formed 
by the LED 
and DI. The 
signal 
is 
transferred 
across the isolation barrier by the matched light 
path to Dz. 


The overall 
isolation 
amplifier 
is noninverting 
(a positive 
going input produces 
a positive going output). 


INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


UNIPOLAR 
OPERATION 


In Figure 1, assume a current, IIN' flows out of the ISO I00 
(lIN must be negative in unipolar operation). This causes the 
voltage 
at pin 
15 to decrease. 
Because 
the amplifier 
is 
inverting, the output of Al increases, driving current through 


the LED. As the LED light output increases, D1 responds by 
generating 
an increasing current. The current increases until 
the sum of the currents in and out of the input node (-Input 
to A I) is zero. At that point, the negative feedback through 
D I has stabilized 
the loop, and the current 
IDl equals the 
input current 
plus the bias current. 
As a result, 
no bias 
current flows in the source. Since DI and Dz are matched 


(101 = 102), IIN is replicated 
at the output via Dz. Thus, Al 
functions 
as a unity-gain 
current 
amplifier, 
and Az is a 
current-to-voltage 
converter, 
as described 
below. 


Current 
produced 
by Dz must either flow into Az or RF. 


Since Az is designed for low bias current (~10nA), almost all 
of the current flows through 
RF to the output. The output 
voltage then becomes: 


where, los is the difference between AI and Az bias currents. 
For input voltage operation IINcan be replaced by a voltage 
source (V1N) and series resistor 
(RIN), since the summing 
node of the op amp is essentially 
at ground. 
Thus, 
IIN = 
VINIRIN· 


Unipolar operation does have some constraints, 
however. In 
this mode the input current must be negative so as to produce 
a positive 
output voltage from Al to turn the LED on. A 
current 
more negative 
than 20nA is necessary 
to keep the 
LED turned on and the loop stabilized. When this condition 
is not met, the output may be indeterrninant. 
Many sensors 
generate 
unidirectional 
signals, 
e.g., photoconductive 
and 
photodiode 
devices, as well as some applications 
of thermo- 
couples. 
However, 
other 
applications 
do require 
bipolar 
operation 
of the ISO 100. 


To activate the bipolar mode, reference currents as shown in 
Figure 1 are attached to the input nodes of the op amps. The 
input stage stabilizes 
just as it did in unipolar 
operation. 


. 
, 
---------------- 
'- ----------------~ 
-------- --- ---1 


Assembly 
! 
I: 
l~,_-I- L ~~i VOur=I'NA• 
9 


LED 
; 


Input Common 


Connect 
pins 15 and 16 for bipolar, 
and pins 16 and 17 for unipolar. 


Output Common 


Connect 
pins 7 and 8 for bipolar, 


and pins 8 and 9 for unipolar. 
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Assuming IIN= 0, the photodiode 
has to supply all the IREFI 
current. Again, due to symmetry, 
IDl = 102, Since the two 
references 
are matched, 
the current 
generated 
by O2 will 
equal lREF2.This results in no current flow in RF, and the 
output voltage will be zero. When IINeither adds or subtracts 
current from the input node, the current 01 will adjust to 
satisfy 101= IIN + lREFI.Because IREFIequals IREF2and 101 
equals 1m, a current equal to IINwill flow in RF. The output 
voltage is then V0 = IINRF' The range of allowable 
IIN is 
limited. Positive IINcan be as large as IREFI(lO.5IJA, min). 
At this point, 01 supplies 
no current 
and the loop opens. 
Negative 
IIN can be as large as that generated 
by 01 with 
maximum 
LEO output (recommended 
10lJA, max). 


DC ERRORS 


Errors in the ISO I00 take the form of offset currents 
and 
voltages plus their drifts with temperature. 
These are shown 
in Figure 2. 


AI and A2- 
assumed to be ideal amplifiers. 


Voso and Vos,--the 
input offset voltages of the output and 
input stage, respectively. 
Voso appears directly at the output 
but, VOSIappears at the output as 
RF 
VOSI-' 
(I) 
RIN 
see equation 
(2). 


[os-the 
offset 
current. 
This 
is the current 
at the input 
necessary 
to make 
the 
output 
zero. 
It is equal 
to the 
combined effect of the difference 
between the bias currents 
of AI 
and 
A2 and 
the 
matching 
errors 
in the 
optical 
components 
in the unipolar mode. 


[REFI 
and 
[REn-reference 
currents 
that, 
when 
connected 
to the inputs, enable bipolar operation. 
The two 
currents are trimmed, 
in the bipolar mode, to minimize the 
Ios BIPOLARerror. 


[DJ 
and 
[vr--Currents 
generated 
by each 
photodiode 
in 
response 
to the light from the LEO. 


A,-gain 
error. 


A. = I Ideal gain/Actual 
gain I - I 


Given: Ios BIPOLAR 
RIN = 100kQ 


RF = IMO (gain = 10) 


VOSI= +200JlV 


VOSO= +200JlV 
~ 


Find: The total offset voltage error referred to the input and" 
output when VIN = OV. 


Vos total RTI 
= {[±VOSI ±RIN (Ios BIPOLAR)- RIN (IREFI)] 
[I + Ae] + RIN lREF2} ±Vosd(R~IN) 
= {[+200JlV + 100kO (35nA) - 100kQ (12.51JA)] 


[1.02] + 100kQ (12.51JA]} + 


200JlV/(lMnJIOOkQ) 
= {[0.2mV + 3.5mV - l.25V] 


[1.02] + 1.25V} + 0.02mV 
= -21.2mV 


The output then becomes: 


V 
+V 
VOUT= RF[( 
IN- 
OS 
- lREFI ± Ios)(l 
+ Ae)+ IREd 
±VOSO 
RIN 
(2) 


The total input referred offset voltage of the ISOlOO can be 
simplified in the unipolar case by assuming that Ae = 0 and 
VIN =0: 


±VOSI 
VOUT~ RF [-R-± 
Ios UNIPOLAR]±VOSO 
(3) 


IN 


This voltage is then referred back to the input by dividing by 


RFIRIN· 


Vos (RTI)= (±V OSI)±R1N (Ios UNIPOLAR)+ Vosd(RplRIN) 
(4) 


Example 
1. Refer to Figure 2 and Electrical 
Specifications 
Table. 


Vas total RTO 
= Vos total RTI X RFIRIN 
= -21.2mV 
x 10 
= -212mV 


Vos, 
150100 
;-------_._-_ 
_\._ 
_[._._._ 
_- --- 
i 
+ 
- 
Isolation 
I 
+ 
Barrier 
I 
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offset). The error for unipolar operation is much lower. The 
error due to offset current can be zeroed using circuits shown 
in Figures 6 and 7. The gain error is adjusted by trimming 
either RF or RIN. 


COMMON-MODE 
AND HIGH VOLTAGE 
ERRORS 


Figure 3 shows a model of the ISOlOO that can be used to 
analyze common-mode 
and high voltage behavior. 


Definitions 
of CMR and IMR 
Ios is defined 
as the input current 
required 
to make the 
ISOlOO's output zero. CMRR and IMRR in the ISOlOO are 
expressed 
as conductances. 
CMRR defines the relationship 
between 
a change 
in the applied 
common-mode 
voltage 
(VCM) and 
the 
change 
in Ios 
required 
to maintain 
the 
amplifier's 
output at zero: 


CMRR (I-mode) 
= MOS/tiVCM in nAN 
(5) 


[ 
tilas ] 
ti VERR CM 
CMRR (V-mode) 
= 
-- 
RIN =---in 
VN 
(6) 
tiVCM 
tiVCM 


IMRR 
defines 
the relationship 
between 
a change 
in the 
applied isolation mode voltage (V1M)and the change in !os 
required to maintain the amplifier's 
output to zero: 


tilos 
. 
IMRR (I-mode) = -- 
III pAN 
tiVlM 


[M] 
tiV 
IMRR (V-mode) = 
~ 
R1N= ~ 
in VN 
(8) 
tiV1M 
tiV1M 


CMRR and IMRR in VN 
are a function of RIN. 


V1M is the voltage between input common and output com- 
mon. 


VeM is the common-mode 
voltage (noise that is present on 
both input lines, typically 
60Hz). 


that produced 
by application 
of VCM and VIM. 


CMRR 
and IMRR 
are the common-mode 
and isolation- 
mode rejection ratios, respectively. 


Total 
Capacitance 
(C1 and ~) 
is distributed 
along 
the 
isolation bamer. 
Most of the capacitance 
is coupled to low 
impedance 
or noncritical nodes and affects only the leakage 
current. Only a small capacitance 
(C2) couples to the input 
of the second stage, and contributes 
to IMRR. 


Example 
2. Refer to Figure 3 and Electrical 
Specification 
Table. 


Given: 
VCM = 1VAC peak at 60Hz, V1M= 200VDC, 


CMRR = 3nAN, 
IMRR = 5pAN, 


RIN = lOOkQ, RF = lMil 


(Gain = 10) 


Find: The error voltage referred to the input and output when 
VIN = OV 


VERRRTJ=(VCM)(CMRR)(RIN) + (VIM)(IMRR)(RIN) 
= IV (3nAN)(100kQ) 
+ 200V (5pAN)(IOOkQ) 


= O.3mV + O.lmV 
=O.4mV 


VERRRTO 
= VERRRTI(RplRIN) 
= 0.4mV (10) 


=4mV (with DC IMRR) 


NOTE: This error is dominated 
by the CMRR term. 


For purposes of comparing 
CMRR and IMRR directly with 
dB specifications, 
the following 
calculations 
can be per- 
formed: 


CMRR in VN 
= CMRR (I-mode)(RIN) 
= 3nAN 
(IOOkQ) = 0.3mVN 


CMR = 20 LOG (0.3mVN) 
= -70dB 
at 60Hz 


IMRR in VN 
= IMRR (I-mode)(R1N) = 5pAN(100kQ) 


= 0.5~VN 


IMR = 20 LOG (0.5 x l()-QVN) = -126dB 
at DC 


Example 
3. 


In Example 3, VIM is an AC signal at 60Hz and 


400pA 
IMRR=-- 
V 


VERRRTf= VERRCM + VERR1M 


= 0.3mV + 200V (400pAN)(IOOkQ) 
=8.3mV 


VERRRTO= 83mV (with AC IMRR) 
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worst case. 


Find: Percent error of +IOV full scale output 


VERR 
TOTAL 


VFS 


= 378mV 
x 100% 


IOV 


= 3.78% 


NOISE ERRORS 


Noise errors in the unipolar mode are due primarily 
to the 
optical cavity. When the full 60kHz bandwidth is not needed, 
the output noise of the ISO I00 can be limited by either a 
capacitor, 
CF, in the feedback 
loop or by a low-pass 
filter 
following the output. This is shown in Figure 4. Noise in the 
bipolar 
mode 
is due 
primarily 
to the 
reference 
current 


sources, and can be reduced by the low-pass filters shown in 
Figure 5. 


FIGURE 4. Two Circuit Techniques 
for Reducing Noise in 
the Unipolar Mode. 


FIGURE 5. Circuit Techniques 
for Reducing Noise from the 
Current Sources in the Bipolar Mode. 


age and offset current. VOSIand Voso of the input and output 
amplifiers 
can be adjusted 
independently 
using 
external 
potentiometers. 
An example is shown in Figure 17. Note that 
Voso (5OO11V,max) appears directly at the output, but VOSI 
appears at the output multiplied by gain (Rp'RIN)' In general, 
Vos is small compared to the effect of !os (see Example 
I). 


To adjust for !os use a circuit which intentionally 
unbalances 


the offset in one direction 
and then allows for adjustment 


back to zero. 


Figure 6 shows how to adjust unipolar errors at zero input. 
The unipolar amplifier can be used down to zero input if it 
is made to be "slightly bipolar." By sampling the reference 
current 
with Rs and ~, 
the minimum 
current 
required 
to 


keep the input stage in the linear region of operation can be 
established. 
R7 and Rs are adjusted 
to cancel 
the offset 


created 
in the input stage. This brings the output to zero, 
0 
when the input is zero. Although 
the amplifier 
can now 
0.•.. 
operate 
down 
to zero input voltage, 
it has only a small 
0 
portion of the current drain and noise that the true bipolar 
tJ) 
configuration 
would have. 
- 


Adjusting 
the bipolar errors is illus~ated 
in Figure 7. Each 
5 


of the errors are adjusted In turn. WIth VIN= "open,", Ios is 
trimmed by adjusting RIOto make the output zero. R<;is then 
adjusted to trim the gain error. The effects of offset voltage 
are removed by adjusting 
R14• 


Optional Unipolar 
105AdjUSt. 


RF 


1MO 


t 
le2 (MAX) 


IC2(MIN) 
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FIGURE 6. Adjusting the Unipolar Amplifier Errors at Zero 


Input. 


R,o 
R'1 
Optional Bipolar losAdjust. 


1Mn 
10Mn 


9.76kn 
RG 
soon 
Pot 


VOUT-IINRF 
or 


Voor= 
V'N(RFIR'N) 


The small size, low offset and drift, wide bandwidth, 
ultra- 
low leakage, 
and low cost, make the ISOlOO ideal for a 
variety 
of 
isolation 
applications. 
The 
basic 
mode 
of 
operation 
of the ISO 100 will be determined 
by the type of 
signal and application. 


Major points to consider 
when designing 
circuits 
with the 
ISOlOO. 


1. Input 
Common 
(pin 
18) and -In 
(pin 
17) should 
be 
grounded through separate lines. The Input Common can 
carry a large DC current and may cause feedback to the 
signal input. 


2. Use shielded or twisted pair cable at the input for long 
lines. 


3. Care should be taken to minimize 
external 
capacitance 
across the isolation 
barrier. 
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4. The 
distance 
across 
the 
isolation 
barrier, 
between 
external 
components 
and conductor 
patterns, 
should be 
maximized 
to reduce leakage and arcing. 


5. Although 
not 
an 
absolute 
requirement, 
the 
use 
of 
conformally-coated 
printed circuit boards is recommended. 


6. When in the unipolar mode, the reference 
currents (pins 
8 and 16) must be terminated. 
IIN should be greater than 
20nA to keep internal LED on. 


7. The noise contribution 
of the reference currents will cause 
the bipolar mode to be noisier than the unipolar mode. 


8. The maximum 
output voltage swing is determined 
by IIN 
and RF. 


VSWING= IINMAX X RF 


9. A capacitor 
(about 3pF) can be connected 
across RF to 
compensate 
for peaking in the frequency 
response. 
The 
peaking 
is caused by the pole generated 
by RF and the 
capacitance 
at the input of the output amplifier. 


Figure 12 through 
18 show applications 
of the IS0100. 


CF may be used to 
improve 
frequency 
response (reduce peaking). 


O.02~A 
to 
10~A 
---- 


-v 
+v 
C 
p+ 
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Isolated 
v+ 
Power 
E 
Supply 
v- 


FIGURE 
12. Two-Port Isolation Photodiode 
Amplifier 
Unipolar. 


NOTES: (1) For isolated supplies see Figure 12. (2) In this 
example, 
the internal precision 
current 
reference, 
IREF• 
provides 
bridge 
excitation. 
(3) Pin 8 of the INA101 
must be more negative 
than -2mV 


for linear operation 
of the 150100 
with R1 
'" 1OOkO. 
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Cold junction 
compensation 
not shown. 


722 


Isolated 
Power 
Supply 


FIGURE 
14. Three-Port 
Isolation Thermocouple 
Amplifier 
(Bipolar). 


R'N 
soon 


Span Adjusl 


Offsetting 


R. 


l00kn 


Gain .• +10 to +1000 


Approximate 
input offsetting = 0 to ±7.5jJA for 
isolated 
supplies-see 
Figures 
10 and 11. 


FIGURE 
15. Isolated Test Equipment 
Amplifier 
(Unipolar 


with Offsetting). 


Calibration 
procedure: 


1. Sel V,N = OV 
2. Adjust R, for loon = 20mA 
3. Sel V,N = -SV 
4. Adjust R'N for loon = 4mA 
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+Vet; 
R. 
lMa 


RIN 


10k{l 


V1N1 
+ 


4 


Yom 


Com 1 
1 


+15V 
-15V 


(Non ISO) 


100k{l 
V1N1 
V1N2 


VlN2 


VOs1M[1Qj(+ 
lOOk +I'N,+I'N21 


±vccs 
to input stages 
of amplifiers 


2 
3 
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IN7 


IN6 


INS 


Inpul 
IN4 
Channels 
IN3 


IN2 


INl 


INO 
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BURR - BROWN® 
IElElI 
150102 
150106 


• 
14-BIT LINEARITY 


• 
INDUSTRY'S 
FIRST HERMETIC 
ISOLATION 
AMPLIFIERS 
AT LOW COST 


• 
EASY-TO-USE 
COMPLETE 
CIRCUIT 


• 
RUGGED 
BARRIER, 
HV CERAMIC 
CAPACITORS 


.100% 
TESTED 
FOR HIGH VOLTAGE 
BREAKDOWN 
IS0102: 
4000Vrms/10s, 
1500Vrms/1min 
IS0106: 
8000Vpk/10s, 
3500Vrms/1min 


• 
ULTRA 
HIGH IMR: 125dB min at 60Hz, 


IS0106 


• 
WIDE INPUT RANGE: -10V 
to +10V 


• 
WIDE BANDWIDTH: 
70kHz 


• 
VOLTAGE 
REFERENCE 
OUTPUT: 
5VDC 


The IS0102 
and ISOl06 
isolation 
buffer amplifiers 
are two members 
of our series of capacitive 
coupled 
isolation 
products 
from Burr-Brown. 
They have the 
same electrical 
performance 
and they differ in accu- 
racy. The IS0102 
is rated for l500Vrms 
in a 24-pin 
DIP. The IS0106 
is rated for 3500Vrms 
in a 40-pin 
DIP. Both side-brazed 
DIPs are 600mil wide and have 
industry standard package dimensions 
with the excep- 
tion of missing pins between input and output stages. 
This permits 
utilization 
of automatic 
insertion 
tech- 
niques in production. 
The three-chip 
hybrid with its 
generous 
high 
voltage 
spacing 
is easy to use (no 
external components 
are required). 


Each buffer accurately 
isolates ±IOV analog signals 
by digitally encoding 
the input voltage and uniquely 
coupling across a differential 
ceramic capacitive 
bar- 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Transducer 
channel 
isolator 
for thermo- 


couples, 
RTDs, pressure 
bridges, 
flow 
meters 


• 
4mA TO 20mA LOOP ISOLATION 


• 
MOTOR 
AND SCR CONTROL 


• 
GROUND 
LOOP ELIMINATION 


• 
BIOMEDICAUANALYTICAL 
MEASUREMENTS 


• 
POWER 
PLANT MONITORING 


• 
DATA ACQUISITIONITEST 
EQUIPMENT 
ISOLATION 


• 
MILITARY 
EQUIPMENT 


rier. All elements 
necessary 
for operation 
are con- 
tained within the DIP. This provides 
compact 
signal 
isolation in a hermetic package. 


+VCC1 
+v= 
-VCC1 
-VCC2 


Gain 
Digital 


Adjust 
Common 


V,N 
VOAJT 


Offset 
C, 
Adjust 


Offset 
C, 


Reference 1 
ReferenC92 


Common. 
Common 2 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage 
Rated Continuous(1) 


IS0102: 
AC, 60Hz 
TMIN to TMAX 
1500 
Vrms 


DC 
T'-tIN to TMAX 
2121 
VDC 
IS0106: 
AC,60Hz 
TMIN to TMAX 
3500 
Vrms 


DC 
TM1N to TMAX 
4950 
VDC 


Test Breakdown, AC, 60Hz 
IS0102 
10s 
4000 
Vnns 


IS0106 
10s 
8000 
Vpk 


Isolation-Mode 
Rejection{2j 
VISO = Rated Continuous, 
60Hz 
AC: IS0102 
115 
120 
dB 
1 
2 
~VrmsIV 
IS0106 
125 
130 
dB 
0.3 
0.6 
~VrmsN 


DC 
140 
160 
dB 
0.01 
0.10 
~VDCN 


Barrier Resistance 
1014 
0 


Barrier Capacitance 
6 
pF 
Leakage Current 
VISQ= 240Vrms, 60Hz 
0.5 
1 
jJArms 


INPUT 
Vo~age Range 
Rated Operation 
-10 
+10 
V 
Resistance 
75 
100 
kO 


Capacitance 
5 
pF 


OUTPUT 
Voltage Range 
Rated Operation 
-10 
+10 
V 
Derated Operation 
-12 
+12 
V 
Current Drive 
±5 
mA 
Short Circuit Current 
9 
20 
50 
mA 
Ripple Voltage!') 
f: 0.5MHz to 1.5MHz 
3 
mVp-p 


Resistance 
0.3 
1 
0 
Capacitive Load Drive Capability 
10,000 
pF 
Overload Recovery Time, 0.1% 
IVai> 
12V 
30 
~s 


OUTPUT VOLTAGE 
NOISE 
Voltage: 
1.0.1 
Hz to 10Hz 
300 
~Vp-p 
1= O.lHz to 70kHz 
16 
~V/v'Hz 


Dynamic Range(7): , = 0.1 Hz to 70kHz 
12-Bit Resolution, 
1LSB, 20V FS 
74 
dB 
1= 0.1Hz to 280Hz 
16-Bit Resolution, 
1LSB, 20V FS 
96 
-, 
dB 


FREQUENCY 
RESPONSE 
Small Signal Bandwidth 
70 
kHz 


Full Power Bandwidth, 0.1% THD 
Vo=±10V 
5 
kHz 
Slew Rate 
Va. 
±10V 
0.5 
V/~ 


Settling Time, 0.1% 
Vo=-10Vto+l0V 
100 
~ 


Overshoot, Small Signall') 
C,.C,=O 
40 
% 


VOLTAGE 
REFERENCES 
Voltage Output, ReI" 
ReI, 
No Load 
+4.975 
+5 
+5.025 
VDC 


B Grade 
No Load 
+4.995 
+5 
+5.005 
VDC 


vs Temperature 
±5 
20 
ppm/"C 
vs Supplies 
10 
~VN 
vs Load 
400 
1000 
~V/mA 
Current Output 
-ll.1 
+5 
mA 
Short Circuit Current 
6 
14 
30 
mA 


POWER SUPPLIES 
Rated Vo~age, ±VCC1' 
±Vcc, 
Rated Performance 
±15 
V 
Vottage Range 
±10 
±20 
V 


Quiescent Current: 
+VCC1 
No Load 
+11 
+15 
mA 
-VCC1 
-9 
-12 
mA 
+VCC2 
+25 
+33 
mA 
-VCC2 
-15 
-20 
mA 
Dissipation: 
±VCC1 
300 
400 
mW 


tVCC2 
600 
800 
mW 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
·C 


Operating(9) 
-25 
+85 
·C 


Storage 
--65 
+150 
·C 


Thermal Resistance, 
0JA 
40 
"CNV 


8JC 
12 
·CNV 
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PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


GAIN 


Nominal 
Gain 
1 
VN 


Initial Error(3) 
±O.1 
±O.2S 
0.07 
0.13 
%FSR 


Gain vs Temperature 
±20 
±SO 
±12 
±2S 
ppm FSR/"C 
Nonlinearity(4) 
Vo =-10V 
to +10V 
±0.007 
±0.012 
±O.OO2 
±0.003 
%FSR 


INPUT OFFSET VOLTAGE 
Initial Offset 
V•• :OV 
±2S 
±70 
±1S 
±2S 
mV 
vs Temperature 
±250 
±500 
±150 
±250 
~vrc 
vs Power 
Supplies(5) 
Input Stage, vcc, = ±10V to ±20V 
0 
1.4 
4.0 
mVN 


Output Stage, V"" 
= ±1 OV to ±20V 
-4 
-1.4 
0 
mVN 


PARAMETER 


GAIN 
Nominal Gain 
Initial 
Error(3) 


Gain vs Temperature 
Nonlinearity(4j 


INPUT OFFSET VOLTAGE 
Initial Offset 
vs Temperature 
vs Power Supplies(5) 


ISOlOO 
ISOlOOB 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 
CD 
0 
'I""" 
1 
VN 
C\i 


±O.1 
±O.2S 
0.07 
%FSR 
0 
±20 
±SO 
±12 
±2S 
ppm FSR/"C 
'I""" 
±O.04 
±0.07S 
±0.007 
±0.02S 
%FSR 
0 


±2S 
±70 
mV 
~ 


±250 
±500 
±150 
±250 
~VI"C 
3.7 
mVN 


-'3.7 
mVN 


• Specification 
same as model to the left. 


NOTES: 
(1 ) 100% tested 
at rated continuous 
for one minute. 
(2) Isolation·mode 
rejection 
is the ratio of the change 
in output voltage 
to a change 
in isolation 
barrier 
voltage. 


It is a function of frequency as shown in the Typical Performance Curves. This is specified for barrier voltage slew rates not exceeding 
100V/j.1S. (3) Adjustable to zero. 


FSR = Full scale Range = 20V. (4) Nonlinearity is the peak deviation of the output voltage from the best fit straight line. It is expressed as the ratio of deviation to FSR. 
(5) Power supply rejection 
m change in V0s/20V supply change. (6) Ripple is the residual component of the barrier carrierlrequency 
generated internally. (7) Dynamic 
range = FSR/(voltage 
spectral noise density x square root of user bandwidth). 
(8) Overshoot 
can be eliminated 
by band-limiting. 
(9) See ·Power 
Dissipation 
vs 


Temperature" 
performance 
curve for limitations. (10) Band limited to 10Hz, bypass capacitors 
located less than 0.25" from supply pins. 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


IS0102 
Ceramic 
-2S·C 
to +85"<: 
IS01028 
Ceramic 
-2S·C 
to +85"<: 


IS0106 
Ceramic 
-2S·C 
to +85"<: 


IS01068 
Ceramic 
-2S·C 
to +8S·C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER<') 


150102 
24-Pin Ceramic 
208 
IS01028 
24-Pin Ceramic 
208 
IS0106 
40-Pin Ceramic 
206 
IS0106B 
40-Pin Ceramic 
206 


Supply Without Damage. 
Input Voltage Range 
Transient 
Immunity, dVldt 
Continuous 
Isolation Voltage Across Barrier 
IS0102.. 
.. 
1S00Vrms 


IS0106 
...3S00Vrms 


Junction Temperature 
+160°C 


Storage Temperature 
Range 
~S·C 
to +1S0·C 


Lead Temperature 
(soldering, 
10s) 
..... +300°C 


Amplifier and Reference 
Output 


Short Circuit Duration 


............................................ 
±20V 
....................................................... 
±50V 


.. 100kV/IlS 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responslbllily 
for me use Oftnls Information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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150102 
150106 


-Vec1 
24 
+V;X1 
-Vec1 


V,N 
OIIset Adjust 
V,N 


Gain Adjust 
Offset 
Gain Adjust 


Common, 
Reference, 
Commonl 


Isolation 
Isolation 


Barrier 
Barrier 


C, 
Diuital 
Common 
C, 


Common2 
C, 
Common2 


Referenc82 
Vour 
Referenc82 


+V= 
12 
13 
-Vcc, 
+V= 
20 


PIN DESCRIPTIONS 


40 
+VCC1 


Offset Adjust 


OIIset 


Reference, 


Digital Common 


C, 


Vour 


21 
-V= 


±VCC1' 
Positive and negative power supply voltagel) and common (or ground) 
for the input stage. Common, 
is the analog reference voltage for input 
Common, 
signals. The voltage between Common, 
and Commonz is the isolation voltage and appears across the internal high voltage barrier. 


±VCC2• 
Positive and negative power supply voltages and common (or ground) for the output stage. Common2 is the analog reference voltagB for output 
Common2 
signals. The voltage between Common, 
and Common2 is the isolation voltage and appears across the internal high voltage barrier. 


V,N 
Signal input pin. Input impedance 
is typically 
100kO. The input range is rated for ±10V. The input level can actually 
exceed 
the input stage 
supplies. Output signal swing is limited only by the output supply voltages. 


Gain 
This pin is an optional signal input. A series 5kO potentiometer 
between this pin and the input signal allows a guaranteed ±1.5% gain adjustment 


Adjust 
range. When gain adjustment 
is not required, the Gain Adjust should be left open. Figure 4 illustrates the gain adjustment 
connection. 


Reference, 
+5V reference output. This low-drift zener voltage reference 
is necessary for setting the bipolar offset point of the input stage. This pin must 
be strapped 
to either 
Offset 
or Offset 
Adjust 
to allow 
the isolation 
amplifier 
to function. 
The reference 
is often useful for input signal 
conditioning 
circuits. See "Effect of Referencl3 Loading on Offset" performance curve for the effect of offset voltage change with reference loading. 
Reference, 
is identical to, but independent 
of, Reference2' This output is short circuit protected. 


Reference2 
+5V reference output. This reference circuit is identical to. but independent of, Reference,. 
It controls the bipolar offset of the output stage through 
an internal connection. 
This output is short-circuit 
protected. 


Offset 
Offset input. This input 
must 
be strapped 
to Reference, 
unless user adjustment 
of bipolar offset is required. 


Offset 
This pin is for optional offset control. When connected 
to the Reference, 
pin through a 1kO potentiometer, 
±150mV 
of adjustment 
range is 
Adjust 
guaranteed. 
Under this condition, the Offset pin should be connected to the Offset Adjust pin. When offset adjustment is not required, the Offset 
Adjust pin is left open. See Figure 4. 


Digital 
Digital common or ground. This separate ground carries currents from the digital portions of the output stage circuit. The best grounding practi- 
Common 
ces require that digital common current does not flow in analog common connections. 
Both pins can be tied directly to a ground plane if available. 


Difference 
in potentials between the Common2 and Digital Common pins can be ±1V. See Figure 2. 


Vour 
Signal output. Because the isolation amplifier has unity gain, the output signal is ideally identical to the input signal. The output is low impedance 
and is short-circuit protected. This signal is rElferenced to Common2; subsequent circuitry should have a separate "sense" connection to Common, 
as well as VOUT' 


C1, C2 
Capacitors for small signal bandwidth control. These pins connect to the internal rolloff frequency controlling 
nodes of the output low-pass filter. 


Additional capacitance 
added to these pins will modify the bandwidth of the buffer. C2 is always twice the value of C,. See "Bandwidth 
Control" 


performance 
curve for the relationship 
between bandwidth 
and C, and C2. When no connections 
are made to these pins, the full small-signal 
bandwidth is maintained. 
Be sure to shield C1 and C2 pins from high electric fields on the PC board. This preserves AC isolation-mode 
rejection 
by reducing capacitive coupling effects. 
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TYPICAL PERFORMANCE CURVES 
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f=See Figure 4 
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0.785 


O~ 


100 
lk 


Small Signal Bandwidth (Hz) 


300n 
30n 
3nF 
300p 


BandwIdth 
Control 
Capacitors 
(F) 


(0 
0,.... 
N 
0,....0 
~-- 
~ 
CJ) 
.~ 
l- 
e.g- 
O 
(f) 
Q; 
:;) 
;0 
C 
0 
D- 
E 0 
~ 
II: 
.~ 
::; 
c.z0 


~..J 
0 
CJ) 


Reference Signal = OdBV 


PWR SPEC A: -95.9dBVNHz. 
31.375kHz 
- 
-N:128 


- 
_~: 
125Hz 
FS:-47dBV 
..•... 
~ 


20 
30 


Frequency (kHz) 


~ 
1 
f- 
f- 


Phase 


l- 
I- 
- 


No external C1 
• C2 


I- 
- 


L- 
- 


1:0 
0 
:!3. 


0=~ 
~-6 
.2' 
(/) 
0; 
Jj -12 


100 
lk 


Frequency (Hz) 


15 
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\ 
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Time (~s) 


I 
~ 
-90 
~ 
(/)j 
-180 
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0.03 


0.02 
1:0 
:!3. 


0.01 
0='n; 
Cl 
0; 
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0= 
C> 
Ui 
" 


-0,01 
E!'j 


-0.02 


V,N = 20Vp-p 
Sle~ Rale Limi\. 


- 
" 
-- 
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--- 
"- 


C, .100pF 
\ 
C2 = 200pF 
See Figure 4 
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A simplified diagram of the ISO I02 and ISO I06 is shown in 
Figure 1. The design consists of an input voltage-controlled 
oscillator (YeO) 
also known as a voltage-to-frequency 
con- 
5 


verter (VFC), differential 
capacitors, 
and output phase lock 


loop (PLL). The input yeO 
drives digital levels directly into 
the two 3pF barrier 
capacitors. 
The digital 
signal is fre- 
quency modulated 
and appears differentially 
across the bar- 
rier, while the externally 
applied isolation 
voltage appears 
common-mode. 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CO NT) 


T. = -2S·C to +8S·C bandwidth Iimijed to 10Hz. 
(Linearity is limited by 11tnoise). Bypass 
capacitors located 0.2S" from supply pins. 


Ref2 


Ref, 


.~ 
'" 
0 
.~ 
c:o 
Z 


-j).OOS 


o 


Vour = V,N 
(V) 


The ISO 102 and ISO 106 have no galvanic connection 
be- 
tween the input and output. The analog input signal refer- 
enced to the input common 
is accurately 
duplicated 
at the 
output referenced to the output common. Because the barrier 
information 
is digital, potentials between the two commons 
can assume a wide range of voltages and frequencies 
with- 
out influencing 
the output 
signal. 
Signal 
information 
re- 


mains undisturbed 
until the slew rate of the barrier voltage 
exceeds 
IOOYIIJS. The isolation amplifier's 
ability to reject 
fast dYIdt changes between the two grounds is specified as 
transient immunity. The amplifier is protected from damage 
for slew rates up to lOO,OOOY/IJS. 


Isolation 


Barrier 
I 


B 


180102 


,S01OO 
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A sense amplifier 
detects only the differential 
information. 
The output stage decodes the frequency modulated signal by 
the means of a PLL. The feedback 
of the PLL employs 
a 


second VCO that is identical to the encoder VCO. The PLL 
forces the second VCO to operate 
at the same frequency 
(and phase) as the encoder VCO; therefore, 
the two VCOs 
have 
the 
same 
input 
voltage. 
The 
input 
voltage 
of the 
decoder VCO serves as the isolation buffer's 
output signal 


after passing through a 100kHz second-order 
active filter. 


For a more detailed description of the internal operation 
of 
the ISOI02 
and ISOI06, 
refer to Proceedings 
of the i987 


international 
Symposium 
on Microelectronics, 
pages 202- 


206. 


For any isolation 
product, 
barrier composition 
is of para- 
mount 
importance 
in achieving 
high reliability. 
Both the 
IS0102 
and ISOI06 
utilize two 3pF high voltage ceramic 


coupling capacitors. 
They are constructed 
of tungsten thick 
film deposited 
in a spiral pattern 
on a ceramic 
substrate. 
Capacitor 
plates 
are buried 
in the package, 
making 
the 
barrier 
very rugged 
and hermetically 
sealed. 
Capacitance 
results 
from the fringing 
electric 
fields of adjacent 
metal 
runs. Dielectric 
strength 
exceeds 
10kV and resistance 
is 
typically 
1014Q. Input and output circuitry are contained 
in 


separate 
solder-sealed 
cavities, 
resulting 
in the industry's 
first fully hermetic hybrid isolation amplifier. 


Input 


Ground 
Plane 
7 
O.l~F 
P 


Output 


Ground 


Plane 
...L 


The ISO I02 and ISO I06 are designed to be free from partial 
discharge 
at rated voltages. 
Partial discharge 
is a form of 
localized 
breakdown 
that degrades 
the barrier 
over time. 


Since it does not bridge the space across the barrier, 
it is 


difficult to detect. Both isolation amplifiers have been exten- 
sively evaluated 
at high temperature 
and high voltage. 


POWER 
SUPPLY 
AND SIGNAL 
CONNECTIONS 


Figure 2 shows the proper power supply and signal connec- 
tions. Each supply should be AC-bypassed 
to Analog Com- 
mon with O.llJF ceramic capacitors 
as close to the amplifier 


as possible. 
Short leads will minimize 
lead inductance. 
A 


ground plane will also reduce noise problems. 
Signal com- 
mon lines should tie directly to the common 
pin even if a 


low impedance 
ground plane is used. Refer to Digital Com- 
mon in the Pin Descriptions 
table. 


To avoid gain and isolation-mode 
rejection 
(IMR) 
errors 


introduced 
by the external circuit, connect grounds as indi- 
cated, being sure to minimize 
ground 
resistance. 
Any ca- 
pacitance across the barrier will increase AC leakage current 
and may degrade 
high frequency 
IMR. The schematic 
in 
Figure 3 shows the proper technique 
for wiring analog and 
digital commons 
together. 


DISCUSSION OF 
SPECIFICATIONS 


The 
ISO102 and ISOI06 are unity 
gain 
buffer 
isolation 
amplifiers 
primarily 
intended for high level input voltages 


on the order 
of IV to 10V. They 
may be preceded 
by 


operational, 
differential, 
or instrumentation 
amplifiers 
that 
precondition 
a low level signal on the order of millivolts and 
translate it to a high level. 


Digital Common 


Digital Output 
Ground' 


FIGURE 
3. Technique 
for Wiring 
Analog 
and 
Digital 
Commons 
Together. 
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ISOLATION-MODE 
REJECTION 


The IS0102 
and ISOI06 provide exceptionally 
high isola- 
tion-mode 
rejection 
over a wide range of isolation-mode 


voltages 
and frequencies. 
The typical performance 
curves 


should be used to insure operation within the recommended 
range. The maximum 
barrier voltage allowed decreases 
as 


the frequency 
of the voltage increases. As with all isolation 
amplifiers, a change of voltage across the barrier will induce 
leakage current across the barrier. In the case of the ISO102 
and ISOI06, there 
exists 
a threshold 
of leakage 
current 
through the signal capacitors that can cause over-drive of the 
decoder's 
sense amplifier. This occurs when the slew rate of 
the 
isolation 
voltage 
reaches 
lOOV/1lS. The 
output 
will 
recover in about 50llS from transients 
exceeding 
lOOV/IlS. 


The 
first two performance 
curves 
indicate 
the expected 
isolation-mode 
rejection 
over 
a wide 
range 
of isolation 


voltage 
frequencies. 
Also 
plotted 
is the typical 
leakage 


current across the barrier at 240Vrms. 
The majority of the 
leakage current 
is between 
the input common 
pin and the 
output digital ground pin. 


The ISOlO2 and ISOI06 
are intended 
to be continuously 


operated 
with fully rated isolation 
voltage and temperature 


without significant 
drift of gain and offset. See the "Gain 
Error/Offset 
Isolation 
Voltage" 
performance 
curve 
for 


changes in gain and offset with isolation voltage. 


SUPPLY 
AND TEMPERATURE 
RANGE 


The ISOlO2 and ISOI06 are rated for + 15V supplies; how- 
ever, they are guaranteed 
to operate from ±IOV to ±20V. 


Performance 
is also rated for an ambient temperature 
range 


of -25°C 
to +85°C. For operation 
outside this temperature 


range, 
refer 
to the "Power 
Dissipation 
vs Temperature" 


performance 
curve to establish the maximum 
allowed sup- 
ply voltage. Supply currents are fairly insensitive to changes 
in supply voltage or temperature. 
Therefore, 
the maximum 
current 
limits 
can be used 
in computing 
the maximum 
junction 
temperature 
under nonrated conditions. 


OPTIONAL 
BANDWIDTH 
CONTROL 


The following 
discussion 
relates optimum 
dynamic 
range 
performance 
to bandwidth, 
noise, and settling time. 


The outputs of the ISO102 and ISOI06 are the outputs of a 
second-order 
low-pass Butterworth 
filter. Its low impedance 
output is rated for±5mA 
drive and ±12V range with 1O,0000F 
loads. The closed-loop 
bandwidth 
of the PLL is 70kHz, 


while the output filter is internally set at 100kHz. The output 
filter lowers the residual voltage of the barrier FM signal to 
below the noise floor of the output signal. 


Two pins 
are available 
for optional 
modification 
of the 
filter's 
bandwidth. 
Only two capacitors 
are required. 
The 


"Bandwidth 
Control" performance 
curve gives the value of 
C1 
(Cz is equal 
to twice C,) 
for the desired 
bandwidth. 


Figure 4 illustrates 
the optional connection 
of both capaci- 


tors. 


A tradeoff 
can be achieved 
between 
the required 
signal 
bandwidth and system dynamic range. The noise floor of the 


FIGURE 4. Optional Gain Adjust, Offset Adjust, and Band- 
width Control. 


output limits the dynamic 
range of the output 
signal.The. 


noise power varies with the square root of the bandwidth 
of 
the buffer. It is recommended 
that the bandwidth 
be reduced 
to about twice the maximum 
signal bandwidth 
for optimum 
dynamic range as shown in the "Dynamic 
Range vs Band- 


width" performance 
curve. The output spectral noise density 


measurement 
is displayed 
in the "Output 
Spectral 
Noise 
Densi.!i: 
performance 
curve. 
The noise 
is flat to within 
5dB,JHz between O.IHz to 70kHz. 


The overall AC gain of the buffer amplifiers is shown in two 
performance 
curves: 
"Gain 
Flatness 
vs Frequency" 
and 


"GainlPhase 
vs Frequency." 
Note that with C, = lOOpF and 
Cz = 200pF, the AC gain remains flat within ±O.OldB up to 
7kHz. The total harmonic 
distortion 
for large-signal 
sine 
wave outputs is plotted in the ''Total Harmonic 
Distortion" 
performance 
curve. The phase-lock-loop 
displays 
slightly 
nonuniform 
rise and fall edges under maximum 
slew condi- 
tions. Reducing the output filter bandwidth 
to below 70kHz 
smooths the output signal and eliminates any overshoot. 
See 
the "Large Signal Transient 
Response" 
performance 
curve. 


OPTIONAL 
OFFSET 
AND GAIN ADJUSTMENT 


In many applications 
the factory-trimmed 
offset is adequate. 


For situations where reduced or modified gain and offset are 
required, 
adjustment 
of each is easy. The addition 
of two 
potentiometers 
as shown in Figure 4 provides for a two step 
calibration. 


Offset should be adjusted 
first. Gain adjustment 
does not 
interfere 
with offset. The potentiometer's 
TCR adds only 


2% to overall temperature 
drift. The offset and gain adjust- 
ment procedures 
are as follows: 


1. Set VIN to OV and adjust R} to desired offset at the output. 


2. Set VIN to full scale (not zero). Adjust Rz for desired gain. 


BURR· BROWNe 
IE3E31 
Burr-Brown Ie Data Book-Linear 
Products 


The distance 
across the isolation 
barrier, between 
external 
components, 
and conductor 
patterns, 
should be maximized 
to reduce leakage and arcing at high voltages. Good layout 
techniques 
that reduce 
stray capacitance 
will assure 
low 
leakage current and high AC IMR. For some applications, 
applying conformal 
coating compound 
such as urethane 
is 
useful in maintaining 
good performance. 
This is especially 
true where dirt, grease or moisture 
can collect on the PC 
board surface, component 
surface, or component 
pins. Fol- 
lowing this industry-accepted 
practice will give best results, 


particularly 
when circuits are operated or tested in a mois- 
ture-condensing 
environment. 
Optimum 
coating 
can 
be 
achieved 
by administering 
urethane 
under vacuum 
condi- 
tions. This allows complete coverage of all areas. Grounded 
rings around the Cj and C2 contacts 
on the board greatly 
reduce high voltage electric fields at these pins. 


The 150102 
and 150106 
isolation 
amplifiers 
are used in 
three categories 
of applications: 


I. Accurate 
isolation 
of signals from high voltage ground 
potentials, 


2. Accurate 
isolation 
of signals from severe ground noise, 
and 


3. Fault protection 
from high voltages 
in analog measure- 
ment systems. 


Figures 5 through 
IS show a variety of application 
circuits. 


Additional 
discussion 
of applications 
can be found in the 
December 
11,1986 issue of Electronic Design, pages 91-96. 


AGURE 
5. Isolated 
Power 
Current 
Monitor 
for Motor 
Circuit. 
(The 
150102 
allows 
reliable, 
safe 
measurement 
at high voltages.) 


0.0050 


Power 
Resistor 


Differential 
input accurately 
senses 
power 
resistor 
voltage. 


Two resistors 
protect 
INA110 
from open power 
resistor. 
High frequency spike reject finer has fco = 400Hz. 


AGURE 
6. Isolated 
Power Line Monitor 
(0.5~ 
leakage 
current at 120Vrms). 


VOUT 
Monitor 
toADC 
and 
Computer 


Address 
Selects 


Battery 
to be 


Measured 


AGURE 
7. Battery 
Monitor 
for High Voltage 
Charging 
Circuit. 
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2,SVl 
/ 


}O~ 


10°C 
30°C 
50°F 
86°F 


FIGURE 
10. Isolation Amplifier with Isolated Bipolar Input 
Reference. 


FIGURE 9. Programmable-Gain 
Isolation Channel with Gains 


of I, 10, and 100. 


'Supplies 
1SmA (3SmA 
max) of isolated supply 
current per channel. 


Oscillator/Driver 
PWS740-1 


T 


Digital 


~Ground 


.1SV 


Input Common* 
-1SV 


{ 


s 
6 
Input From 
7 
Other 7 
12 
Channels 
11 
10 
9 


-15V 
3 
7 
14 


-1SV 
Offset 


Uses 
81801028.1 
isolator/driver. 
8 transformQrs. 
and 
8 rectifiers. 


BURR - BROWN~ 
11511511 
Burr-Brown Ie Data Book-Linear 
Products 


• 


I-------/' 
I 
\ 
J 


I 
I 


I 
I 


I 
I 
I 
J 


J 
J 
I 
J 


I 
I 


I 
I 
I 
I 


J 
I 
I 
I 


I 
I 


I 
I 
I 
I 


I 
I 


I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 


1 
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1 
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_ 
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-1mA 


-1mA 
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20~HJO.2n 


l~F 


725A 
~O.33~ 
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VOIJr = 'C (Temperature) 


100'CN 
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Instrumentation 


Amplifier 
(Av .1000) 


FIGURE 
14. Isolated 
Instrumentation 
Amplifier 
for 300Q Bridge. 
(Reference 
voltage from isolation 
amplifier 
is used to 
excite bridge.) 


Left 
~ 
Arm 
On 
NE2H 


Calibrationn 300kO 


Right l ;:: 
Arm t'"Qn 
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SMALL 
SIGNAL 
MEASURING 
APPLICATION 


High accuracy 
measurements 
of low-level 
signals 
in the 
presence of high isolation mode voltages can be difficult due 
to the errors of the isolation amplifiers 
themselves. 


This error analysis shows that when a low drift operational 
amplifier is used to preamplify 
the low-level 
source signal, 


a low cost, simple and accurate solution is possible. 


In the circuit shown in Figure 16, a SOmV shunt is used to 
measure 
the current 
in a SOOVDC motor. 
The 
OPA27 


amplifies the SOmV by 200 x to 10V full scale. The output 
of the OPA27 is fed to the input of the IS0102, which is a 
unity-gain isolation amplifier. The Skn and 1ill potentiom- 
eters connected to the ISO102 are used to adjust the gain and 
offset errors to zero as described in Discussion of Specifica- 
tions. 


Input Common 


V0 = 50mVDC (FS) 


The total errors of the op amp and the ISO amp combined are 
approximately 
0.11 % of full-scale range (see Figure 
17). If 
the op amp had not been used to preamplify 
the signal, the 
errors would have been 2.6% of FSR. Clearly, the small cost 
of adding the op amp buys a large performance 
improve- 


ment. Optimum 
performance, 
therefore, 
is obtained 
when 
the full ±10V range of the IS0102l106 
is utilized. 


The rms noise of the ISOI02 with a 120Hz bandwidth is only 
0.18mVrms, 
which is only 0.0018% 
of the IOV full scale 
output. Therefore, even though the 16IlV/..JHZ noise spectral 
density 
specification 
may appear large compared 
to other 
isolation amplifiers, 
it does not turn out to be a significant 
error term. It is worth noting that even if the bandwidth 
is 


increased 
to 10kHz, the noise of the iso amp would only 


contribute 
0.016%FSR 
error. 


Reference, 21 


Offset Adjust 
23 


Offset 
22 
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1 
V. (OPA)= Vo{ 
1 - 1 +~ ~} 
+ Ves (1 + R,/R,) 
+ IB R, + P.S.R. + NoisB 


V. (oPA)= Total Op Amp Error (RTI) 


Vo • Differential 
Voltage (Full Scale) Across Shunt 


1 
{1 - 1 + ~ ~ 
}: 
Gain Error Due to Finite Open Loop Gain 


~ : Feedback 
Factor 


AvOt. ,. Open Loop Gain at Signal 
Frequency 


Ves • Input Offset Voltage 


Ie ::::Input Bias Current 


P.S.R. = Power Supply Rejection (jiVN) 
[Assuming a 5% change with ±15V supplies. Total error is twice that due to one supply.) 


Noise. 
5nVNHz 
(for 1kn source resistance and 1kHz bandwidth) 


P.S.R. 
NOISE 


(5nVY120 (nVrms)) 
CD 
(20~VN 
x 0.75V x 2) 
0 
'I"'" 
0.03mV 
+ 
0.055 x 10-3mVrms 
C'J 
0.06% 
0.00011% 
0 
'I"'" 


0.03mV 
+ 
0.055 
x 1Q-3mVrms 
0 
en 
0.06% 
0.00011% 
- 


GAIN ERROR 


1 


50mV {1 
- 1 + 
1 
} 
10'/200 


O.OtmV 


0.02% 


(0.0251mV 
+ 0.04mV) 


(0.05% + 0.08%) 
Error as % of FSR 


After 
Nulling 


0.01mV 


0.10mV 


0.02% 


0.08% of 50mV 


V. ('50) - 1/200 (V,sc/IMR 
+ Ves + G.E. + Nonlinearity 
+ P.S.R. + Noise) 


V. (ISO)= Total ISO Amp Error 


IMR "" Isolation Mode Rejection 


Ves • Input Offset Vohage 


V1SO = VIMV 
= Isolation 
Voltage 
= Isolation 
Mode 
Vottage 


G.E. • Gain Error (% of FSR) 


Nonlinearity 
= Peak·to-Peak 
deviation 
of output voltage 
from best-fit 
straight 
line. It is expressed 
as ratio based 
on full-scale 
range. 


P.S.R. = Change in Vos/tOV x Supply Change 


Noise 
lIE Spectral 
noise density 
x ~. 
It is recommended 
that bandwidth 
be limited to twice maximum 
signal bandwidth 
for optimum 
dynamic 
range. 


ERROR(ISO)(RTI) 


VE(ISOl 


IMR 


11200 {500VDCI14OdB 
+ 


11200 { 0.05mV 


0.0005% 


Vos 
G.E. 
NONLINEARITY 
P.S.R. 
NOISE 


70mV 
+ 20V x 0.25/100 
+ 
0.003/100 
x 20V 
1.4mV x 0.75V x 2 
+ 
t6~V..J12o (rrns) } 


70mV 
50mV 
0.6mV 
+ 
2.1mV 
0.175mVrms 
} 


0.7% 
0.5% 
0.006% 
0.021% 
0.00175% 


OmV 
OmV 
0.6mV 
2.1mV 
0.175mVrms 
} 


Error as % of FSR 


After 
Nulling 


VE(ISO) 
11200 { 0.05mV 


11200 (3.0mV) 


0.03mV 


0.0005% 


0.03% of 50mV 


VE(OPA) 
0.10mV 


0.08% of 50mV 


0.11% of 50mV 


Ve 
(ISO) 


0.03mV 


+ 
0.03% of 50mV 
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Low-Cost, Internally Powered 
ISOLATION AMPLIFIER 


• 
SIGNAL AND POWER IN ONE 
DOUBLE-WIDE 
(0.6") SIDE-BRAZED 
PACKAGE 


• 
5600Vpk TEST VOLTAGE 


• 
1500Vrms 
CONTINUOUS 
AC BARRIER 
RATING 


• 
WIDE INPUT SIGNAL 
RANGE: 
-10V 
to +10V 


• 
WIDE BANDWIDTH: 
20kHz Small Signal, 20kHz Full Power 


• 
BUILT-IN ISOLATED 
POWER: 
±10V to ±18V Input, ±50mA Output 


• 
MULTICHANNEL 
SYNCHRONIZATION 
CAPABILITY 
(TTL) 


• 
BOARD AREA ONLY 0.72in.2 (4.6cm2) 


The ISO 103 isolation 
amplifier 
provides 
both signal 


and power 
across an isolation 
barrier. 
The ceramic 


non-hermetic 
hybrid 
package 
with side-brazed 
pins 
contains a transformer-coupled 
DC/DC converter and 


a capacitor-coupled 
signal channel. 


Extra power is available on the isolated input side for 
external input conditioning 
circuitry. The converter is 


protected 
from shorts to ground with an internal cur- 


rent limit, and the soft-start 
feature limits the initial 


currents from the power source. Multiple-channel 
syn- 


chronization 
can be accomplished 
by applying a TTL 


clock signal to paralleled Sync pins. The Enable con- 


• 
MULTICHANNEL 
ISOLATED 
DATA 
ACQUISITION 


• 
ISOLATED 
4-20mA 
LOOP RECEIVER 
AND 
POWER 


• 
POWER SUPPLY AND MOTOR CONTROL 


• 
GROUND 
LOOP ELIMINATION 


+Vc 
Sense 


V,N 
VOIJr 


-Vc 
Com2 
Com1 
-V= 
Gnd1 
Sync' 


+VCC, 
+VCC2 


PsGnd 
Oscillator 
Enable 
Driver 


-VCC1 
Gnd2 


trol is used to turn off transformer 
drive while keeping 


the signal channel 
demodulator 
active. 
This feature 


provides a convenient 
way to reduce quiescent current 


for low power applications. 


The wide barrier pin spacing and internal 
insulation 


allow for the generous 
l500Vrms 
continuous 
rating. 


Reliability 
is assured 
by 
100% barrier 
breakdown 


testing that conforms 
to ULl244 
test methods. 
Low 


barrier capacitance 
minimizes 
AC leakage currents. 


These 
specifications 
and built-in 
features 
make the 


ISO 103 easy to use, as well as providing for compact 
PC board layouts. 
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SPECIFICATIONS 


150103 
1501038 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Rated Continuous Voltage(1) 


AC,60Hz 
TM1N to Tw.x 
1500 
Vrms 


DC 
TM1N 
to TMA)( 
2121 
VDC 


Test Breakdown, 
100% AC, 60Hz 
10s 
5657 
Vpk 
Isolation-Mode 
Rejection 
1500Vrms, 60Hz 
130 
dB 
2121VDC 
160 
c 
-', 
dB 
Barrier Impedance 
10"119 
fill 
pF 
Leakage Current 
240Vrms, 60Hz 
1 
2 
~A 


GAIN 
Nominal 
1 
VN 


Initial Error 
±0.12 
±0.3 
±C.08 
±0.15 
%FSR 


Gain vs Temperature 
±60 
±100 
±20 
±50 
ppmJ"C 


Nonlinearity 
Vo= -10V to 10V 
±0.026 
±0.075 
±C.018 
±0.050 
%FSR 
Vo=-5Vt05V 
±0.009 
±0.025 
%FSR 
(") 
0 
INPUT OFFSET VOLTAGE 
,... 


Initial Offset 
±20 
±60 
mV 
0 


V$ Temperature 
±300 
±500 
±100 
±250 
~Vf'C 
en 
vs Power Supplies 
Vcc,=±10Vto±18V 
0.9 
mVN 
vs Output Supply Load 
10= 0 to ±50mA 
±0.3 
mV/mA 


SIGNAL INPUT 
Voltage Range 
Output Voltage in Range 
±10 
±15 
V 


Resistance 
200 
kfl 


SIGNAL OUTPUT 
Voltage Range 
±10 
±12.5 
V 
en 


Current Drive 
±5 
±15 
mA 
I- 


Ripple Voltage, 800kHz Carrier 
25 
mVp-p 
0 
400{)J4.7nF (See Figure 4) 
5 
mVp-p 
::::) 
Capacitive 
Load Drive 
1000 
pF 


Voltage Noise 
4 
~VI-JHz 
C 


FREQUENCY 
RESPONSE 
0 


Small Signal Bandwicllh 
20 
kHz 
a: 
Slew Rate 
1.5 
V/~s 
a. 


Settling Time 
0.1%, 
-10/10V 
75 
~s 


POWER SUPPLIES 
Z 
Rated Vollage, V= 
±15 
V 
0 
Voltage Range 
±10 
±18 
V 


~ 


Input Current 
10=±15mA 
+90/-4.5 
mA 


10= OmA 
+60/-4.5 
mA 


Ripple Current 
No Filter 
60 
mAp-p 
..J 


C'N = l~F 
3 
mAp-p 
0 
Rated Output Voltage 
Load = 15mA 
±14.25 
±15 
±15.75 
V 
en 
Output 
50mA Balanced Load 
10 
V 


1OOmASingle-Ended 
Loads 
10 
V 


Load Regulation 
Balanced Load 
0.3 
%/mA 
Une Regulation 
1.12 
VN 


Output Voltage 
V$ Temperature 
2.5 
mVf'C 


Voltage Balance Error, ±VCC1 
0.05 
% 


Voltage Ripple (800kHz) 
No External Capacitors 
50 
mVp-p 
CEXT=1~F 
5 
mVp-p 
Output Capacitive 
Load 
1 
~F 
Sync Frequency 
Sync-Pin Grounded 
(2) 
1.6 
MHz 


TEMPERATURE 
RANGE 
Specification 
-25 
+85 
·C 


Operating 
-25 
+85 
·C 


Storage 
-25 
+125 
·C 


* Specifications 
same as IS0103. 


NOTE: (1) Conforms to UL 1244 test methods. 100% tested at 1500Vrms for 1 minute. (2) If using external synchronization 
with a TIL-Ievel 
clock, frequency should 


be between 1.2MHz and 2MHz with a duty-cycle greater than 25%. 
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Com 1 to Gnd 1 or Com 2 to Goo 2 
±2OQmV 
Enable, Sync 
. 
OV to +VCC2 


Continuous 
Isolation 
Voltage 
1500Vrms 
V,SO' dv/dt 
20kVi~ 


Junction 
Temperature 
. 
150 


DC 
Storage Temperature 
. 
-25°C 
to +125°C 


Lead Temperature, 
105.. 
. 
30QoC 
Output 
Short to Gnd 2 Duration 
Continuous 


±VCC1 
to God 1 Duration 
Continuous 
A 
ELECTROSTATIC 
JJ!/;;,. DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 
PACKAGE 


24·Pin DiP 


PACKAGE 
DRAWING 


NUMBER!') 


231 


Tho 
information 
providgd 
ho,ei" 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 


any BURR-BROWN 
product for use in life support 
devices 
andJor systems. 
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/ 


Vo = 2Vp-p 


II 
,/ 


-----+--rr 


Vo = 20Vp-p 


II 


cz 
0.3 
+0 
J:I- 


0.1 


0.03 


100 
lk 


Frequency (Hz) 


140 


m 
130 
~ 
"0 
13" 
120 
." 
a: 
"Il 
110 
::;; 
C:0~ 
~ 
100 


90 


10M 
10 


10m 


1m 


100~ 


10~ 


1~ 


lOOn 


100 
lk 
10k 
lOOk 


-3 
m~ 
-6 
" 
·m 
Cl 
-9 


-12 


~AIN 


PHASE 
'\ \ 


1\ 
\ 


'" 
E 
90 
(J) 
~ 
135 
Q. 


ISOLATED POWER SUPPLY 


LARGE SIGNAL TRANSIENT 
RESPONSE 
LOAD REGULATION 
AND EFFICIENCY 
20 
17 


10 
~ 
16 
~ 
" 
0> 
" 
g 
l 


<5> 
> 
0 
" 
15 


~ 
% 
0 
0 
8 
-10 
> 
14 
... 


-20 
13 
0 
50 
100 
10 
20 
30 


Time (~s) 
20 
40 
60 


±V cc, Supply Output Current (mA) 


60 


45 


C 


30 
g 
"~ 
w 


15 


BURR~BROWNe 
1E3E31 
Burr-Brown Ie Data Book-Linear 
Products 


• 


For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 


19 


18 


17 


16 


15 
~ 
14 


<>" 
13 
>+ 
12 


11 


10 


,/ 


±15mA Load 
V 


/' 
V 
1.12VN V 
V 


./ 


./ 


~g 
0 
> 
<I 


9 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


+VCC2 
(V) 


ISOLATED SUPPLY VOLTAGE AND Vos 
vs SYNC FREQUENCY 


5 
250 


2.5 
125 


:> 
:> 
.s 
.s 


iIJ 
0 
g 
> 
<I 
> 
<I 


-2.5 
-125 


-5 
-250 
1.5 
2.5 


Sync Frequency (MHz) 
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THEORY OF OPERATION 


The block diagram 
on the front page shows the isolation 
amplifier's 
synchronized 
signal and power 
configuration, 


which eliminate 
beat frequency 
interference. 
A proprietary 
800kHz oscillator 
chip, power MOSFET 
transformer 
driv- 
ers, patented square core wirebonded transformer, 
and single 
chip diode bridge provide 
power to the input side of the 
isolation 
amplifier 
as well as external 
loads. The 
signal 


channel 
capacitively 
couples 
a duty-cycle 
encoded 
signal 
across the ceramic high-voltage 
barrier built into the pack- 


age. A proprietary 
transmitter-receiver 
pair of integrated 
circuits, laser trimmed at wafer level, and coupled through a 
pair of matched 
"fringe" 
capacitors, 
result 
in a simple, 


reliable design. 


Figure I shows the proper power supply and signal connec- 
tions. All power supply pins should be bypassed 
as shown 
with the 1t filter for +VCC2'an option recommended 
if more 
than ±15mA 
are drawn from the isolated supply. Separate 
rectifier output pins (±V CCI)and amplifier supply input pins 
(±Vc) allow additional ripple filtering and/or regulation. The 
separate input and output common pins and output sense are 
low current inputs tied to the signal source ground, output 
ground, 
and output 
load, respectively, 
to minimize 
errors 
due to IR drop in long conductors. 
Otherwise, connect Com 
I to Gnd 
I, Com 2 to Gnd 2, and Sense to VOUT at the 
ISO 103 socket. 
The enable 
pin may be left open if the 
ISOlO3 
is continuously 
operated. 
If not, a TTL low level 
will disable the internal DCIDC converter. 
The Sync input 


must be grounded 
for unsynchronized 
operation 
while 
a 


1.2MHz to 2MHz TTL clock signal provides 
synchroniza- 


tion of multiple units. 


·Optional 
Filtering: 
For Lo 


OSLo<10~H 
Co < l~F 
For Lo 


Lo~ 10~H.< 10il 
Co S 10~F 


The 
ISOlO3 
isolation 
amplifier 
contains 
a transformer- 
coupled DCIDC converter 
that is powered 
from the output 
side of the isolation amplifier. 
All power supply pins (I, 2, 
3, 4, 14, and 
16) of the ISOlO3 
have an internal 
0.1J.IF 
capacitor to ground. Lj is used to slow down fast changes in 
the input current to the DCIDC converter. C I is used to help 
regulate the voltage ripple caused by the current demands of 
the converter. 
L1, C1, and C2 are optional, however, recom- 


mended for low noise applications. 


The DCIDC converter 
creates an unregulated 
±15V output 
to ±VCCj.lfthe 
ISO 103 is the only device using the DCIDC 
converter 
for power, pins 1 and 2 and pins 3 and 4 can be 
connected 
directly 
without 
Co or Lo in the circuit. 
If an 
external capacitor is used in this configuration, 
it should not 
exceed 
IJ.IF. This 
configuration 
is possible 
because 
the 
isolation 
amplifier 
and the DCIDC converter 
are synchro- 
nized internally. 


If additional 
devices are powered by the DCIDC converter 
C") 


of the ISOlO3, the application 
may require that the ripple 
0 


voltage 
of the ISO I03 converter 
be attenuated. 
In which 
,.... 


case, Lo and Co should be added to the circuit. The inductor 
~ 
is used to attenuate 
the ripple current 
and a higher 
value 
- 


capacitor 
can be used to reduce 
the ripple 
voltage 
eve_ 


further. 


OPTIONAL 
GAIN AND OFFSET 
ADJUSTMENTS 


Rated gain accuracy and offset performance 
can be achieved 
with no external 
adjustments, 
but the circuit of Figure 2a 
may be used to provide a gain trim of ±0.5% for the values 
shown; greater range may be provided by increasing the size 
of R1 
and R2. Every 
2kO 
increase 
in R1 
will 
give 
an 
additional 
1% adjustment 
range, with R2 ~ 2R,. If safety or 
convenience 
dictate location of the adjustment 
potentiome- 
ter on the other side of the barrier from the position shown 
in Figure 2a, the position of R, and R2 may be reversed. 


NOTES: (1) Enable = pin open 
or TIL high. (2) Ground sync 


if not used. (3) 
1t filter reduces 
ripple current; 
L, = 101JH, <10Q. 
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Also, the small-signal 
bandwidth 
will be decreased 
in in- 
verse proportion to the increase in gain. In most instances, a 
precision 
gain block at the input of the isolation 
amplifier 
will provide better overall performance. 


Figure 3 shows a method for trimming Vos of the ISOI03. 
This circuit may be applied to either Signal Com (input or 
output) as desired for safety or convenience. 
With the values 
shown, ±lSV 
supplies 
and unity gain, the circuit will pro- 
vide ±ISOmV adjustment range and 0.2SmV resolution with 
a typical 
trim potentiometer. 
The output 
will have some 
sensitivity to power supply variations. 
For a ±loomV 
trim, 
power supply sensitivity 
is 8mVN 
at the output. 


100kO1~. ~ 
Signa~;Om 1 
r 
10kol 
SignalCom2 


OPTIONAL 
OUTPUT 
FILTER 


Figure 4 shows an optional output ripple filter that reduces 
the 800kHz ripple voltage to <SmVp-p without compromis- 
ing DC performance. 
The small signal bandwidth 
is ex- 
tended above 30kHz as a result of this compensation. 


4000 
VOUT 


10 
I 
4 
. 
7nF 


MULTICHANNEL 
SYNCHRONIZATION 


Synchronization 
of multiple ISO 103s can be accomplished 
by connecting pin IS of each device to an external TTL level 
oscillator, as shown in Figure 7. The PWS7S0-1 oscillator is 
convenient 
because 
its nominal 
synchronizing 
output 
fre- 
quency 
is 1.6MHz, 
resulting 
in a 800kHz 
carrier 
in the 
ISOI03 
(its nominal unsynchronized 
value). The open col- 
lector output typically 
switches 7.5mA to a 0.2V low level 
so that 
the external 
pull-up 
resistor 
can 
be chosen 
for 
different pull-up voltages as shown in Figure 7. The number 
of channels 
synchronized 
by one PWS7S0-1 
is determined 
by the total capacitance 
of the sync voltage conductors. They 
must be less than lOOOpF to ensure TTL level switching 
at 
800kHz. 
At higher 
frequencies 
the capacitance 
must 
be 
proportionally 
lower. 


Customers 
can supply their own TTL level synchronization 
logic provided the frequency is between 1.2MHz and 2MHz, 
and the duty cycle is greater than 2S%. 


Multichannel 
synchronization 
with reduced power dissipa- 
tion for applications 
requiring 
less than ±lSmA 
from VCC1 
is accomplished 
by driving both the Sync input pin (IS) and 
Enable pin (13) with the TTL oscillator as shown in Figure S. 


ISOLATION 
BARRIER 
VOLTAGE 


The typical performance 
of the ISO I03 under conditions 
of 
barrier voltage stress is indicated 
in the first two perform- 
ance curves-Recommended 
Range 
of Isolation 
Voltage 
and IMRJ Leakage vs Frequency. 
At low barrier modulation 
levels, errors can be determined 
by the IMRR characteristic. 


At higher barrier voltages, typical performance 
is obtained 
as long as the dv/dt across the barrier is below the shaded 
area in the first curve. Otherwise, 
the signal channel will be 
interrupted, 
causing 
the output to distort, and/or shift DC 
level. This condition 
is temporary, 
with normal 
operation 
resuming as soon as the transient subsides. Permanent 
dam- 
age to the integrated circuits occurs only if transients exceed 
20kV /J.lS. Even in this extreme case, the barrier integrity is 
assured. 


HIGH VOLTAGE 
TESTING 


The ISO 103 was designed to reliably operate with ISooVrms 
continuous 
isolation 
barrier 
voltage. 
To 
confirm 
barrier 
integrity, a two-step breakdown 
test is performed 
on 100% 


of the units. First, a S600V peak, 60Hz barrier potential 
is 
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11l~UUllJ.Ull l~ 
ClVUVC till::' ICVCI. rUllUWllJg 
UlJ~ 
CAPU~UIC, 
is. 


ISOOVrms, 60Hz 
potential 
is applied 
for one minute 
to 
conform 
to ULI244. 
Life-test 
results show reliable 
opera- 


tion 
under continuous 
rated voltage and maximum 
operat- 
ing temperature 
conditions. 


External 
+ 
Load 
, 


<1SmA 


2.Skil 


io 


20mA 


~ 


4 
T 


50 
150'C 


-:- 


Vo 


SViL 


0 
T 


50 
1S0'C 
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R = 
Vcc, 
kQ 
7.5 


NOTES: 
(1) PWS750-1 
can 
sync> 20 150103. 
(2) Bypass supplies 
as shown in Figure 1. 
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High-Voltage, Internally Powered 
ISOLATION AMPLIFIER 


• 
SIGNAL 
AND POWER 
IN ONE 
TRIPLE-WIDE 
PACKAGE 


• 
8000Vpk 
TEST VOLTAGE 


• 
2500Vrms 
CONTINUOUS 
AC BARRIER 
RATING 


• 
WIDE INPUT SIGNAL 
RANGE: 
-10V 
to +10V 


• 
WIDE BANDWIDTH: 
20kHz 
Small 
Signal, 


20kHz 
Full Power 


• 
BUILT-IN 
ISOLATED 
POWER: 


±10V to ±18V Input, 
±50mA 
Output 


• 
MULTICHANNEL 
SYNCHRONIZATION 
CAPABILITY 
(TTL) 


The ISO 107 isolation 
amplifier 
provides 
both signal 


and power 
across 
an isolation 
barrier. 
The ceramic 
side-brazed 
hybrid 
package 
contains 
a transformer- 
coupled 
DCIDC 
converter 
and a capacitor-coupled 


signal channel. 


Extra power is available on the isolated input side for 
external input conditioning 
circuitry. The converter is 
protected 
from shorts to ground with an internal cur- 


rent limit, and the soft-start 
feature limits the initial 


currents from the power source. Multiple-channel 
syn- 
chronization 
can be accomplished 
by applying a 1TL 
clock signal to paralleled 
Sync pins. The Enable con- 


• 
MULTICHANNEL 
ISOLATED 
DATA 
ACQUISITION 


• 
BIOMEDICAL 
INSTRUMENTATION 


• 
POWER 
SUPPLY 
AND MOTOR 
CONTROL 


• 
GROUND 
LOOP ELIMINATION 


Com 1 


+VCC1 


Com 2 
-Vet;> 
Sync 
+VCC2 


Enable 
Gnd 1 


-VCC1 


trol is used to turn off transformer 
drive while keeping 
the signal channel 
demodulator 
active. This feature 
provides a convenient 
way to reduce quiescent current 
for low power applications. 


The wide barrier pin spacing and internal 
insulation 
allow for the generous 
2500Vrms 
continuous 
rating. 


Reliability 
is assured 
by 
100% barrier 
breakdown 
testing 
that conforms 
to UL544 
test methods. 
Low 


barrier capacitance 
minimizes 
AC leakage currents. 


These 
specifications 
and built-in 
features 
make the 


ISO I07 easy to use, as well as providing for compact 
PC board layouts. 
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PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Rated Continuous 
Voltage 
(1) 


AC,60Hz 
TMIN to TMAX 
2500 
Vrms 


DC 
TMIN to TMAX 
3500 
VDC 
Test Breakdown, AC, 60Hz 
10s 
8000 
Vpk 
Isolation-Mode 
Rejection 
2500Vrms, 60Hz 
100 
dB 
2121VDC 
160 
dB 
Barrier Impedance 
10121113 
illlpF 
Leakage Current 
- 
240Vrms, 60Hz 
- 
1.2 
2 
lIA 


GAIN 
Nominal 
1 
VN 
Initial Error 
±0.1 
±O.25 
%FSR 
Gain vs Temperature 
±50 
±120 
ppml"C 
Nonlinearity 
. 
±0.01 
±O.025 
%FSR 


INPUT OFFSET VOLTAGE 
Initial Offset 
±20 
±SO 
mV 
vs Temperature 
±150 
±400 
~VI"C 
vs Power Supplies 
Vcc,-±10Vto±18V 
±2 
mVN 


INPUT 
Voltage Range 
Output Voltage in Range 
±10 
±15 
V 
Resistance 
200 
kn 


SIGNAL 
OUTPUT 
Voltage Range 
±10 
±12.5 
V 
Current Drive 
±5 
±15 
mA 
Ripple Voltage, 800kHz Carrier (See Figure 4) 
20 
mVp-p 
Capacitive Load Drive 
1000 
pF 
Voltage Noise 
4 
~VI~ 


FREQUENCY 
RESPONSE 
Small Signal Bandwidth 
20 
kHz 
Slew Rate 
1.5 
V/~ 
Settling Time 
0.1%,-10/10V 
75 
~s 


POWER SUPPLIES 
Rated Voltage, vcc, 
±15 
V 
Voltage Range 
±10 
±18 
V 
Input Current 
10= ±15mAI') 
+75/-4.5 
mA 
Ripple Current 
No Filter 
10 
mAp-p 
C,N• 
1~F 
3 
mAp-p 
Rated Output Voltage 
±14.25 
±15 
±15.75 
V 
Output Current 
Balanced Load 
±15 
±SO 
mA 
Single 
30 
100 
mA 
Load RegUlation 
Balanced Load 
0.5 
%/mA 
Line Regulation 
1.18 
VN 
Output Voltage vs Temperature 
10 
mVI"C 
Voltage Balance Error, ±VCC1 
0.05 
% 


Vonage Ripple 
No External Capacitors 
10 
mVp-p 
Output Capacitive 
Load (See Figure 1) 
1 
~F 
Sync Frequency 
Sync· Pin Grounded(3) 
1.6 
MHz 


TEMPERATURE 
RANGE 
Specification 
-25 
+85 
·C 
Operating 
-25 
+85 
·C 
Storage 
-25 
+125 
·C 


NOTES: (1) Conforms to UL544 test methods. 100% tested at 2500Vrms for 1 minute. (2) For other conditions, see Performance Curve,lnput 
Current (+VCC2) vs Output 
Current. Input Current (-V ccV is constant at -4.5mA 
(typ) for all output currents. (3) If using external synchronization 
with a TTL -level clock, frequency should be between 
1.2MHz and 2M Hz with a duty-cycle greater than 25%. 


The information prOVided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR· BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices andlor systems. 
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--"'''''1 
~ 
l:f •••••••••••••••••••••••••••••••••••••••••••••••••• 
V,N. Sense Voltage 
±50V 
Com 1 to Gnd 1 or Com 2 to Gnd 2 
±200mV 


Enable. Sync .... 
. 
OV to +V= 


Continuous 
Isolation 
Voltage 
2500Vrms 
V,SO.dv/dt 
20kV/JlS 


Junction 
Temperature. 
. 
150°C 
Storage 
Temperature 
-25°C 
to +125°C 


Lead Temperature. 
(soldering. 
1Os) 
300·C 
Output 
Short to Goo 2 Duration 
Continuous 
±VCC1 
to Gnd 
1 Duration 
Continuous 


PACKAGE 


32-Pin Side-Braze Ceramic 


PACKAGE 
DRAWING 


NUMBERI') 


210 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESO. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESO damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 
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Top 
View 
DIP 


NC 
32 
NC 


+VCC1 
31 
Gnd 1 


NC 
30 
V,N 


-VCC1 
4 
29 
Com 1 


20 
-VCC2 


19 
Sync· 


-- 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES 
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LARGE SIGNAL TRANSIENT 
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iD 
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100i80 
a: 
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~ 
40 


GAIN/PHASE 
vs FREQUENCY 
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Small Signal Frequency (Hz) 


ISOLATED 
POWER SUPPLY 


LOAD REGULATION 
AND EFFICIENCY 
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±VCC1 Supply Output Current (mA) 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 
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ISOLATED POWER SUPPLY 
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amplifier's 
synchronized 
signal and power 
configuration, 
which eliminates beat frequency interference. 
A proprietary 
800kHz oscillator 
chip, power MOSFET 
transformer 
driv- 
ers, patented square core wirebonded transformer, 
and single 
chip diode bridge provide 
power to the input side of the 
isolation 
amplifier 
as well as external 
loads. 
The signal 
channel 
capacitively 
couples 
a duty-cycle 
encoded 
signal 
across the ceramic high-voltage 
barrier built into the pack- 
age. A proprietary 
transmitter-receiver 
pair of integrated 
circuits, laser trimmed at wafer level, and coupled through a 
pair 
of matched 
"fringe" 
capacitors, 
result 
in a simple, 
reliable design. 


SIGNAL 
AND POWER 
CONNECTIONS 


Figure I shows the proper power supply and signal connec- 
tions. All power supply pins should be bypassed 
as shown 
with the 7t filter for +VCC2 an option recommended 
if more 
than ±15mA are drawn from the isolated supply. The sepa- 
rate input and output common pins and output sense are low 
current 
inputs 
tied to the 
signal 
source 
ground, 
output 
ground, 
and output 
load, respectively, 
to minimize 
errors 
due to IR drop in long conductors. 
Otherwise, connect Com 
1 to Gnd I, Com 2 to Gnd 2, and Sense to VOUT at the 
IS0107 
socket. 
The enable 
pin may be left open if the 
IS0107 
is continuously 
operated. 
If not, a TIL 
low level 
will disable the internal DCIDC converter. 
The Sync input 
must be grounded 
for unsynchronized 
operation 
while a 
1.2MHz to 2MHz TIL 
clock signal provides 
synchroniza- 
tion of multiple units. 


+VCC1 
Co"<; 
l.,; 


-VCC1 
Co"?; 


with no external 
adjustments, 
but the ClfCUlt01 Ngure 
La 
may be used to provide a gain trim of ±O.5% for the values 
shown; greater range may be provided by increasing the size 
of Rl 
and Rl. 
Every 
2kQ 
increase 
in RI 
will give an 
additional 
1% adjustment 
range, with R2 ~ Rl. If safety or 
convenience 
dictates location of the adjustment potentiome- 
ter on the other side of the barrier from the position shown 
in Figure 2a, the position of RI and R2 may be reserved. 


Gains greater than 1 may be obtained by using the circuit of 
Figure 2b. Note that the effect of input offset errors will be 
multiplied at the output in proportion to the increase in gain. 
Also, the small-signal 
bandwidth 
will be decreased 
in in- 


+ 
~ 
I O~F Tantalum 


Com 2 
VOUT 


13 
14 


NOTES: (1) Enable = pin open 
or TIL 
high. (2) Ground sync if 
not used. 
(3) n filter reduces 
ripple current: L,= 10~H. <Ion. 


"Optional 
Filtering: 


L" = 10~H. <10n 
Co = 0.1 - 
10pF 
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will provIde better overall performance. 


Figure 3 shows a method for trimming 
Vos of the ISO 107. 
This circuit may be applied to either Signal Com (input or 
output) as desired for safety or convenience. 
With the values 
shown, ±15V supplies and unity gain, the circuit will pro- 
vide ±l50m V adjustment range and O.25mV resolution with 
a typical 
trim potentiometer. 
The output 
will have some 


sensitivity 
to power supply variations. 
For a ±lOOmV trim, 


power supply sensitivity 
is 8mVN 
at the output. 


Signal Com 1 
or 
Signal Com 2 


OPTIONAL 
OUTPUT 
FILTER 


Figure 4 shows an optional output ripple fiber that reduces 
the 800kHz ripple voltage to <3m Vp-p without comprontis- 
ing DC performance. 
The small signal bandwidth 
is ex- 
tended above 30kHz as a result of this compensation. 


~ 


o: 


rv V 


,N 
i 
14 4000 


29 
I 
13 
I 
I_ 
I 
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MULTICHANNEL 
SYNCHRONIZATION 


Synchronization 
of multiple IS0107s 
can be accomplished 
by connecting pin 19 of each device to an externalTIL 
level 
oscillator, as shown in Figure 6. The PWS750-1 oscillator is 
convenient 
because 
its nontinal 
synchronizing 
output 
fre- 
quency 
is I.6MHz, 
resulting 
in a 800kHz 
carrier 
in the 
ISO 107 (its nominal unsynchronized 
value). The open col- 
lector output typically switches 7.5mA to a O.2V low level 
so that the external 
pull-up 
resistor 
can 
be chosen 
for 
different pull-up voltages as shown in Figure 6. The number 
of channels 
synchronized 
by one PWS750-1 
is determined 
by the total capacitance of the sync voltage conductors. They 
must be less than l000pF 
to ensure 1TL level switching 
at 
800kHz. 
At higher 
frequencies 
the capacitance 
must be 
proportionally 
lower. 


Customers 
can supply their own 1TL level synchronization 
logic, provided the frequency is between 1.2MHz and 2MHz, 
and the duty cycle is greater than 25%. 
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barrier voltage stress is indicated 
in the first two perform- 


ance curves-Recommended 
Range 
of Isolation 
Voltage 


and IMRlLeakage 
vs Frequency. 
At low barrier modulation 
levels, errors can be determined 
by the IMRR characteristic. 


At higher barrier voltages, typical performance 
is obtained 
as long as the dvldt across the barrier is below the shaded 
area in the first curve. Otherwise, 
the signal channel will be 
interrupted, 
causing 
the output to distort, and/or 
shift DC 
level. This condition 
is temporary, 
with normal 
operation 
resunting as soan as the transient subsides. Permanent 
dam- 
age to the integrated circuits occurs only if transients exceed 
20kV IllS. Even in this extreme case, the barrier integrity is 
assured. 


HIGH VOLTAGE 
TESTING 


The ISO 107 was designed to reliably operate with 2500Vrms S 
continuous 
isolation 
barrier 
voltage. 
To confmn 
barrier 
.•••• 
integrity, 
a two-step breakdown 
test is performed 
on 100% 0 
of the units. First, an 8000V peak, 60Hz barrier potential is 
~ 
applied for 10s to verify that the dielectric 
strength of the 


insulation 
is above this level. Following 
this exposure, 
a~ 
2500Vrms, 
60Hz 
potential 
is applied 
for one ntinute 
to~ 
conform to UL544. Life-test results show reliable operation 
under 
continuous 
rated 
voltage 
and maximum 
operating 
en 
temperature 
conditions. 
•••o 
:)coa: 
Q. 
Zo 
fi 
...Jo 
~ 


For Immediate Assistance, Contact YourLocal Salesperson 


APPLICATIONS 


IC,°1.02.0 .. 
Q, 
0, 
A,. R2• R3 
R.•. Rs 
lei' Ie, Bypass 
IC, Bypass 
·Burr-Brown PIN 


OPA2111· 
2N3904 
2N7000 
IN4148 
1%,l/2W 
1%,2210n 
1.0~F 
0.1~F 


NOTES: (1) PWS750-1 
can sync 
>20 IS0107s. 
(2) Bypass supplies 


as shown in Figure 1. 
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Low-Cost, High-Voltage, Internally Powered 
OUTPUT ISOLATION AMPLIFIER 


• 
SELF-CONTAINED 
ISOLATED 
SIGNAL 
AND OUTPUT 
POWER 


• 
SMALL 
PACKAGE 
SIZE: Double-Wide 


(0.6") Sidebraze 
DIP 


• 
CONTINUOUS 
AC BARRIER 
RATING: 


1500Vrms 


• 
WIDE BANDWIDTH: 
20kHz Small Signal, 
20kHz 
Full Power 


• 
BUILT-IN 
ISOLATED 
OUTPUT 
POWER: 


±10V to ±laV 
Input, ±50mA 
Output 


• 
MULTICHANNEL 
SYNCHRONIZATION 
CAPABILITY 


• 
BOARD 
AREA ONLY 0.72in.2 
(4.6cm2) 


• 
4mA TO 20mA vn CONVERTERS 


• 
MOTOR 
AND VALVE 
CONTROLLERS 


• 
ISOLATED 
RECORDER 
OUTPUTS 


• 
MEDICAL 
INSTRUMENTATION 
OUTPUTS 


• 
GAS ANALYZERS 


The ISOl13 
output isolation 
amplifier 
provides 
both 
signal and output power across an isolation barrier in 
a small double-wide 
DIP package. The ceramic non- 
hermetic 
hybrid package 
with side-brazed 
pins con- 
tains a transformer-coupled 
DC/DC 
converter 
and a 


capacitor-coupled 
signal channel. 


Extra power is available on the isolated output side for 
driving external loads. The converter is protected from 
shorts to ground with an internal current limit, and the 
soft-start 
feature 
limits the initial currents 
from the 
power source. Multiple-channel 
synchronization 
can 
be accomplished 
by applying 
a TTL clock signal to 
paralleled 
Sync pins. The Enable control 
is used to 
turn off transformer 
drive while keeping 
the signal 
channel 
modulator 
active. 
This 
feature 
provides 
a 
convenient 
way to reduce quiescent 
current 
for low 
power applications. 


The wide barrier pin spacing and internal insulation 
allow for the generous 
1500Vrms continuous 
rating. 


Reliability 
is assured 
by 
100% barrier 
breakdown 
testing that conforms 
to UL 1244 test methods. 
Low 
barrier capacitance 
minimizes 
AC leakage currents. 


These 
specifications 
and built-in 
features 
make the 
ISOI13 
easy to use, and provides 
for compact 
PC 
board layout. 


V,N 


-VCC1 


Com 1 
Sync' 


Enable 


+Vc 
Sense 
Vour 
Gnd2 
-Vc 


+V= 


PsGnd 


-V= 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 


Rated 
Continuous 
Voltage 
AC,60Hz 
TM1N to TMAX 
1500 
Vrms 


DC 
TM1N to TMAX 
2121 
VDC 
Test Breakdown, 
100% AC, 60Hz 
10s 
5657 
Vpk 
Isolation~Mode Rejection 
1500Vrms, 60Hz 
130 
dB 
2121VDC 
160 
dB 


Barrier 
Impedance 
10" 119 
Q II pF 
Leakage 
Current 
240Vrms, 60Hz 
1 
2 
IJA 


GAIN 


Nominal 
1 
VN 


Initial Error 
~' 
±0.3 
±O.5 
%FSR 


Gain vs Temperature 
±60 
±100 
±20 
±SO 
ppmrc 


Nonlinearity 
Vo = -10V to 10V 
±0.05 
±O.1 
±0.03 
±O.05 
%FSR 
Vo =-5V 
to 5V 
±0.02 
±0.04 
±0.012 
±O.02 
%FSR 


INPUT OFFSET VOLTAGE 


Initial Offset 
±20 
±GO 
mV 


vs Temperature 
±300 
±500 
±100 
±250 
~vrc 
vs Power 
Supplies 
VCC2= ±10 to±18V 
0.9 
mVN 
vs Output Supply Load 
10= 0 to ±50mA 
±0.3 
mVimA 


SIGNAL INPUT 
Voltage Range 
Output 
Voltage 
in Range 
±10 
±15 
V 


Resistance 
200 
kQ 


SIGNAL OUTPUT 
Voltage Range 
±10 
±12.5 
V 


Current 
Drive 
±5 
±15 
mA 
Ripple Voltage, 800kHz Carrier 
25 
mVp-p 
400Q/4.7nF 
(See Figure 4) 
5 
mVp-p 


Capacitive 
Load Drive 
1000 
pF 
Voltage Noise 
4 
~V/-IHz 


FREQUENCY 
RESPONSE 
Small Signal Bandwidlh 
20 
kHz 
Slew Rate 
1.5 
V/~s 
Settling 
Time 
0.1%, -10/10V 
75 
~s 


POWER SUPPLIES 
Raled Vollage, Vceo 
±15 
V 
Voltage Range 
±10 
±18 
V 
Input Current 
10= ±15mA 
+90/-4.5 
mA 


'0 "" OmA 
+60/-4.5 
mA 
Ripple Current 
No Filter 
60 
mAp-p 
C1N= 
1~F 
3 
mAp-p 
Raled Output Voltage 
Load = 15mA 
±14.25 
±15 
±15.75 
V 
Output 
50mA Balanced Load 
10 
V 
100mA Single-Ended 
Load 
10 
V 
Load Regulation 
Balanced 
Load 
0.3 
%/mA 
Line Regulation 
1.12 
VN 
Output 
Voltage 
vs Temperature 
2.5 
mvrc 
Voltage Balance, 
±V CC2 
0.05 
% 
Voltage Ripple (800kHz) 
No External 
Capacitors 
50 
mVp-p 
CEXT = l~F 
5 
mVp-p 
Output 
Capacitive 
Load 
1 
~F 
Sync Frequency 
Sync·Pin 
Grounded(2) 
1.6 
MHz 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
·C 
Operating 
-25 
+85 
·C 
Storage 
-25 
+125 
·C 


·Speclflcatlons 
same 
as 150113. 


NOTE: 
(1) Conforms 
to UL 1244 test methods. 
100% 
tested 
at 1500Vrms 
for 1 minute. 
(2) If using external 
synchronization 
with a TIL-Ievel 
clock, frequency 
should 
be between 
1.2MHz 
and 2MHz 
with a duty-cycle 
greater 
than 25%. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Without Damage 
±18V 


V,N• Sense Voltage.. 
. 
±50V 


Com, to Gnd, 
±2OOmV 


Enable, 
Sync 
. 
Gnd to +VCC1 


Continuous 
Isolation Voltage 
1500Vrms 


V'sco dv/dt 
20kV/~ 


Junction Temperature 
+ 150°C 
Storage Temperature.. 
. 
-25°C 
to +125°C 


Lead Temperature, 
10s 
. 
+300 


DC 
Output 
Short to Gnd Duration 
Continuous 


±VCC2 
to God 2 Duration 
Continuous 


22 
V,N 


21 
Com' 


16 
-Vc 


15 
-VCC2 


A 
ELECTROSTATIC 
J.l!Ii.. DISCHARGE SENSITIVITY 


Vour 
10 


Sense 
11 


PACKAGE 


24-Pin DIP 


PACKAGE 
DRAWING 


NUMBER!" 


231 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 


and installation procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated 
circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its PUblishe_ 


specifications. 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumE;1S 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES 


ISOLATED POWER SUPPLY 
LARGE SIGNAL TRANSIENT 
RESPONSE 
LOAD REGULATION 
AND EFFICIENCY 
20 
17 
60 


10 
~ 
16 
45 
~ 
<D 
C> 
l 
<D 
,'g 
C> 
0 
,'g 
> 
g 
0 
'5 
15 
30 
> 
<D 


'5 
% 
:2= 
.9- 
0 
w 
6 
8 
-10 
> 
14 
15 


-+< 


-20 
13 


0 
50 
100 
10 
20 
30 


Time (~s) 
20 
40 
60 


±Veol 
Supply 
Output 
Current 
{mAl 


cz 
+ 
ClI 
~ 
0.1 


1k 


Frequency (Hz) 


140 


iil 130 
:3- 
c0tj 


<D 
120 
'1Da: 


<D 
"00 
110 
~~ 
~ 
100 


90 
10M 
10 


-3 
iil 
:3- 
--6 
c..• 
" 
-9 


-12 


II 


...•..•..•. 


Gain 
'\ \ 


Phase\ 


45 
C 
~ 
90 
(j) 


<D 
~ 
135 
"- 


180 
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TYPICAL PERFORMANCE CURVES (CO NT) 


19 


18 


17 


16 


?: 


15 


14 


8 
13 
>... 


12 


11 


/' 


±15mA Load 
V 


,/ 


V 


1.12VN 
V 
V 
/ 
,/ 


l8 
0 
> 
<l --- 
-~ 


"" 


10 


9 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


+VCC1 
(V) 


2.5 


:<.s 


1l 
> 
<l 


-2.5 


-5 
1.5 
2 


Sync Frequency (MHz) 
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• Optional 
Filtering 


For 1..0 


0$1..0< 10~H 


Co < 1~F 
For 1..0 


I..o~10~H,<10U 


Co $ 10~F 


The block diagram 
on the front page shows the isolation 


amplifier's 
synchronized 
signal and power 
configuration, 
which eliminate 
beat frequency 
interference. 
A proprietary 
800kHz oscillator 
chip, power MOSFET 
transformer 
driv- 


ers, patented square core wirebonded transformer, 
and single 
chip diode bridge provide power to the output side of the 
isolation 
amplifier 
as well as external 
loads. 
The signal 


channel 
capacitively 
couples 
a duty-cycle 
encoded 
signal 


across the ceramic high-voltage 
barrier built into the pack- 
age. A proprietary 
transmitter-receiver 
pair of integrated 
circuits, laser trimmed at wafer level, and coupled through a 
pair of matched 
"fringe" 
capacitors, 
results 
in a simple, 


reliable design. 


SIGNAL 
AND POWER 
CONNECTIONS 


Figure I shows the proper power supply and signal connec- 
tions. All power supply pins should be bypassed as shown 
with the It filter for +VCCI' an option recommended 
if more 


than ±15mA are drawn from the isolated supply. Separate 
rectifier output pins (±V CC2) and amplifier supply input pins 
(±V cl allow additional ripple filtering and/or regulation. The 
separate input common pin and output sense are low current 
inputs 
tied to the signal source 
ground, 
and output 
load, 


respectively, 
to minimize 
errors 
due to IR drop in long 


conductors. 
Otherwise, 
connect Com I to Gnd I, and Sense 
to VOUT at the ISO 113 socket. The enable pin may be left 
open if the ISO 113 is continuously 
operated. If not, a TTL 
low level wiIJ disable the internal 
DC/DC 
converter. 
The 
Sync input must be grounded for unsynchronized 
operation 


while a 1.2MHz to 2MHz TTL clock signal provides 
syn- 


chronization 
of multiple units. 


The 
IS01l3 
isolation 
amplifier 
contains 
a transformer- 
coupled 
DC/DC 
converter 
that is powered 
from the input 
side of the isolation amplifier. 
All power supply pins (2, 4, 


13, 14, IS, and 16) of the IS01l3 
have an internal O.IJ,JF 
capacitor to ground. L) is used to slow down fast changes in 
the input current to the DC/DC converter. C) is used to help 
regulate the voltage ripple caused by the current demands of 
the converter. 
L), C), and C2 are optional, however, recom- 
mended for low noise applications. 


The DC/DC converter 
creates an unregulated 
±15V output 


to ±V CC2' If the ISOI13 
is the only device using the DC/DC 
converter for power, pins 13 and 14 and pins IS and 16 can 
be connected 
directly without Co or Lo in the circuit. If an 


external capacitor is used in this configuration, 
it should not 
exceed 
IJ,JF. This 
configuration 
is possible 
because 
the 


isolation 
amplifier 
and the DC/DC 
converter 
are synchro- 
nized internally. 


If additional 
devices are powered by the DCIDC converter 


of the ISOl13, 
the application 
may require that the ripple 


voltage 
of the ISOI13 
converter 
be attenuated, 
in which 
case, Lo and Co should be added to the circuit. The inductor 
is used to attenuate 
the ripple current 
and a higher 
value 


capacitor 
can be used to reduce 
the ripple 
voltage 
even 
further. 


OPTIONAL 
GAIN AND OFFSET 
ADJUSTMENTS 


Rated gain accuracy and offset performance 
can be achieved 
with no external adjustments, 
but the circuit of Figure 2a may 


be used to provide a gain trim of ±O.5% for the values shown. 
Greater range may be provided by increasing the size ofR) and 
R2. Every 2kQ increase 
in R) will give an additional 
1% 
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adjustment 
range, with Rz ~ 2R1. 
If safety or convenience 
dictate location of the adjustment potentiometer 
on the other 
side of the barrier from the position shown in Figure 2a, the 
position of R I and Rz may be reversed. 


Gains greater than I may be obtained by using the circuit of 
Figure 2b. Note that the effect of input referred errors will be 
multiplied at the output in proportion to the increase in gain. 
Also, the small-signal 
bandwidth 
will be decreased 
in in- 


verse proportion 
to the increase in gain. In most instances, a 
precision 
gain block at the input of the isolation 
amplifier 
will provide better overall performance. 


Figure 3 shows a method for trimming Vos of the IS0I13. 
This circuit may be applied to Signal Com!. With the values 
shown, ± 15V supplies 
and unity gain, the circui t will pro- 
vide ±150mV adjustment range and O.25mV resolution with 
a typical 
trim potentiometer. 
The output 
will have some 
sensitivity 
to power supply variations. 
For a ±100mV 
trim, 
power supply sensitivity 
is 8mVN 
at the output. 


+VCC1 or +VCC2 


f 


1MQ 


100kQ 
~SignalCOm1 


10kQ 


-v eel or -V CC2 


OPTIONAL 
OUTPUT 
FILTER 


Figure 4 shows an optional output ripple filter that reduces 
the 800kHz ripple voltage to <SmVp-p without compromis- 
ing DC performance. 
The small signal bandwidth 
is ex- 
tended above 30kHz as a result of this compensation. 
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Synchronization 
of multiple IS0l13s 
can be accomplished 
by connecting pin 3 of each device to an external TIL 
level 
oscillator, as shown in Figure 7. The PWS750-1 
oscillator is 
convenient 
because 
its nominal 
synchronizing 
output 
fre- 
quency 
is !.6MHz, 
resulting 
in a 800kHz 
carrier 
in the 
ISOll3 
(its nominal un synchronized 
value). The open col- 
lector output typically 
switches 7.5mA to a O.2V low level 
so that the external 
pull 
up resistor 
can be chosen 
for 
different pull-up voltages as shown in Figure 7. The number 
of channels 
synchronized 
by one PWS750-1 
is determined 
by the total capacitance of the sync voltage conductors. 
They 
must be less than lOOOpFto ensure TIL 
level switchinga_ 
800kHz. 
At higher 
frequencies 
the capacitance 
must 
b 
proportionally 
lower. 


Customers 
can supply their own TIL 
level synchronization 
logic, provided the frequency is between 1.2MHz and 2MHz, 
and the duty cycle is greater than 25%. 


Single or multichannel 
synchronization 
with reduced power 
dissipation 
for applications 
requiring less than ± 15mA from 
VCCI is accomplished 
by driving both the Sync input pin (3) 
and Enable 
pin (1) with the TIL 
oscillator 
as shown 
in 
Figure 5. 


" 
External 
) 
Load 
<15mA 


UL 
t 
10 (Reduced) 


TTL 
Oscillation 
+VCC1 


ISOLATION 
BARRIER 
VOLTAGE 


The typical performance 
of the ISO 113 under conditions 
of 
barrier voltage 
stress is indicated .in the first two perform- 
ance curves-Recommended 
Range 
of Isolation 
Voltage 
and IMRJ Leakage vs Frequency. 
At low barrier modulation 


levels, errors can be determined 
by the IMRR characteristic. 
At higher barrier voltages, 
typical performance 
is obtained 
as long as the dv/dt across the barrier is below the shaded 
area in the frrst curve. Otherwise, 
the signal channel will be 
interrupted, 
causing 
the output to distort, and/or shift DC 
level. This condition 
is temporary, 
with normal 
operation 
resuming as soon as the transient subsides. Permanent dam- 
age to the integrated circuits occurs only if transients exceed 
20kV/J.IS. Even in this extreme case, the barrier integrity is 
assured. 


Sync. 1.6MHz 


J1.A 


R:: +VCC1 kQ 
7.5 


HIGH VOLTAGE 
TESTING 


The ISOl13 
was designed to reliably operate with 1500Vrms 


continuous 
isolation 
barrier 
voltage. 
To confirm 
barrier 
integrity, 
a two-step breakdown 
test is performed 
on 100% 


of the units. First, an 5657V peak, 60Hz barrier potential is 
applied for IOs to verify that the dielectric 
strength of the 
insulation 
is above this level. Following 
this exposure, 
a 


15OOVrms, 60Hz potential 
is applied 
for one minute 
to 
conform 
to UL1244. 
Life-test 
results show reliable 
opera- 
tion under continuous rated voltage and maximum operating 
temperature 
conditions. 


I 
: 
v0UT2 
I 
I 
Additional 
, 
Channels 
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BURR - BROWN® 
IElElI 
IS0120 
IS0121 


Precision 
Low Cost 
ISOLATION AMPLIFIER 


.100% 
TESTED 
FOR PARTIAL 
DISCHARGE 


• 
IS0120: 
Rated 1500Vrms 


• 
IS0121: 
Rated 3500Vrms 


• 
HIGH IMR: 115dB at 60Hz 


• 
USER CONTROL 
OF CARRIER 


FREQUENCY 


• 
LOW NONLINEARITY: 
±O.01% max 


• 
BIPOLAR 
OPERATION: 
Vo = ±10V 


• 
0.3"-WIDE 
24-PIN HERMETIC 
DIP, IS0120 


• 
SYNCHRONIZATION 
CAPABILITY 


• 
WIDE TEMP RANGE: -55°C 
to +125°C 
(IS0120) 


• 
INDUSTRIAL 
PROCESS 
CONTROL: 
Transducer 
Isolator 
for Thermocouples, 


RTDs, Pressure 
Bridges, 
and Flow Meters, 


4mA to 20mA 
Loop 
Isolation 


• 
GROUND 
LOOP ELIMINATION 


• 
MOTOR AND SCR CONTROL 


• 
POWER MONITORING 


• 
ANALYTICAL 
MEASUREMENTS 


• 
BIOMEDICAL 
MEASUREMENTS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


The ISOl20 
and IS0121 
are precision isolation ampli- 


fiers incorporating 
a novel duty cycle 
modulation- 
demodulation 
technique. 
The 
signal 
is transmitted 
digitally 
across a 2pF differential 
capacitive 
barrier. 


With digital modulation 
the barrier characteristics 
do 
not affect signal integrity, 
which results in excellent 
reliability 
and good high frequency 
transient 
immu- 
nity across the barrier. Both the amplifier and barrier 
capacitors 
are housed in a hermetic DIP. The ISOl20 
and ISOl21 
differ only in package size and isolation 
voltage rating. 


These amplifiers 
are easy to use. No external compo- 
nents 
are required 
for 60kHz 
bandwidth. 
With 
the 
addition of two external capacitors, 
precision specifi- 


cations of 0.01 % max nonlinearity 
and l501lV/oC max 
Vos drift 
are guaranteed 
with 6kHz 
bandwidth. 
A 
power supply range of ±4.5V to ±18V and low quies- 
cent current 
make these amplifiers 
ideal for a wide 
range of applications. 


International 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, 
AI. 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
AI. 
85706 
Tel: (520)746-1111 
• 
Twx: 91().952·1111 
• 
Cable: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product 
Info: (BOO)548-6132 


Isolation Barrier 
C'H 
CZH 


C," 
C2L 


Sense 
V,N 


VOUT 


Signal 
Signal 
Com 1 
Com 2 


Ext Osc 


+VS1 
-Vsz 


Gnd 1 
Gnd2 


-VS1 
+VS2 
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IS0120BG,IS0121BG 
IS0120G, 
IS0120SG('), 
IS0121G 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Vo~age Rated Continuous 
IS0120: 
AC 60Hz 
TU1N to 
TMA)( 
1500 
Vrms 
DC 
TM1N to TMAX 
2121 
VDC 


ISOI21: 
AC 60Hz 
TU1N to TMAX 
3500 
Vrms 
DC 
T MIN to TMAX 
4950 
VDC 
100% Test (AC 60Hz): IS0120 
1s; Partial Discharge S 5pC 
2500 
Vrms 


IS0121 
1s; Partial Discharge S 5pC 
5600 
Vrms 


Isolation Mode Rejection 
ISO 120: AC 60Hz 
1500Vrms 
115 
dB 
DC 
160 
dB 
ISOI21: 
AC60Hz 
3500Vrms 
115 
dB 
DC 
160 
dB 
Barrier Impedance 
10"112 
nil 
pF 
Leakage Current 
VIsa = 240Vrms. 
60Hz 
0.18 
0.5 
IlArms 


GAIN") 
Vo: 
±10V 
Nominal Gain 
C, = C, = 1000pF 
1 
1 
VN 
Gain Error 
±0.04 
±D.l 
±D.05 
±D.25 
%FSR 
Gain vs Temperature 
±5 
±20 
±10 
±40 
ppmrc 
Nonlinearity 
±0.005 
±D.Ol 
±D.Ol 
±D.05 
%FSR 
Nominal Gain 
C, = C, = 0 
1 
1 
VN 


Gain Error 
±D.04 
±D.25 
±D.05 
±D.25 
%FSR 
Gain vs Temperature 
±40 
±40 
ppml"C 
Nonlinearity 
±0.02 
±D.l 
±D.04 
±D.l 
%FSR 


INPUT OFFSET 
VOLTAGE(') 


Initial Offset 
C, = C, = 1000pF 
±5 
±25 
±10 
±50 
mV 
vs Temperature 
±100 
±150 
±150 
±400 
J1V/oC 


Initial Offset 
C, = C, = 0 
±25 
±100 
±40 
±100 
mV 
vs Temperature 
±250 
±500 
J1V/oC 
Initial Offset 


vs Supply 
±VS1 or ±VS2 = ±4.5V to ±18V 
±2 
±2 
mVN 
Noise 
4 
4 
J1V/-JHz 


INPUT 
Voltage Range(l) 
±10 
±15 
V 


Resistance 
200 
kn 


OUTPUT 
Voltage Range 
±10 
±12.5 
V 
Current Drive 
±5 
±15 
mA 
Capacitive 
Load Drive 
0.1 
J1F 
Ripple Voltage(') 
10 
mVp-p 


FREQUENCY 
RESPONSE 


Small Signal Bandwith 
C, = C, = 0 
60 
kHz 
C, = C, = 1000pF 
6 
kHz 
Slew Rate 
2 
V/J1S 


Settling Time 
Vo = ±10V 


0.1% 
C,: 
100pF 
50 
J1S 


0.01% 
C, = C, = 1000pF 
350 
J1s 


Overload 
Recovery Time(3) 
50% Output Overload. 
150 
J1S 


C, = C, = 0 


POWER SUPPliES 
Rated Voltage 
15 
V 


Voltage Range 
±4.5 
±18 
V 


Quiescent 
Current: Vs, 
±4.0 
±5.5 
mA 
Vs, 
±5.0 
±6.5 
mA 


TEMPERATURE 
RANGE 


Specification: 
BG and G 
-25 
85 
-25 
85 
°C 
SG'4' 
-25 
85 
-55 
125 
°C 
Operating 
-55 
125 
-55 
125 
°C 
Storage 
-65 
150 
-55 
150 
°C 
9JA: IS0120 
40 
40 
°CIW 
IS0121 
25 
25 
°CIW 


'Specifications 
same as IS0120BG, 
IS0121BG. 
NOTE: (1) Input voltage range"" ±lQV for VS1• VS2 = ±4.5VDC to ±18VDC. (2) Ripple frequency is at carrier frequency. 
(3) Overload recovery is approximately 
three 
times the settling time for other values of C2. (4) The SG·grade is specified -55°C to + 125°C; perlormance 
of the SG in the -25°C to +85°C temperature 
range is the 


same as the BG-grade. 


BURR-BROWNe 
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E~~~n~l Oscillat;r 
Input .. 
. 
±25V 
Signal 
Common 
1 to Ground 
1 . 
. 
±1V 
Signal Common 2 to Ground 2 
... ±1V 
Continuous 
Isolation Voltage: IS0120 
. 
. 1500Vrms 
IS0121. 
. 
3500Vrms 
V,SC' dv/dt 
20kV/IlS 
Junction 
Temperature 
150°C 


Storage Temperature 
. -65°C 
to +150°C 


Lead Temperature 
(soldering, 
10s) 
.. +300°C 
Output 
Short Duration. 
. 
Continuous 
to Common 


PACKAGE DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


IS0120G 
24-Pin DIP 
225 


IS0120BG 
24-Pin DIP 
225 


IS0120SG 
24-Pln DIP 
225 


IS0121G 
40-Pin DIP 
206 


IS0121BG 
40-Pin DIP 
206 


TEMPERATURE 


MODEL 
RANGE 


iS0120G 
-25°C 
to 85°C 
IS0120BG 
-25°C 
to 85°C 


IS0120SG 
-55C to 125°C 


IS0121G 
-25°C 
to 85°C 


IS0121BG 
-25°C to 85°C 


A 
ELECTROSTATIC 


~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications. 


23/39 
V,N 


22138 
Ext Osc 


-- 


The information provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 


Com 2 
9/17 
16124 
-VS2 


VOUT 
10/18 
15/23 
+VS2 


Sense 
11/19 
14/22 
C2l 


Gnd2 
12120 
13/21 
C2H 


NOTE: (1) First pin number is for IS0120. 
Second 
pin number 
is for IS0121. 


For Immediate Assistance, Contact YourLocal Salesperson 
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TYPICAL PERFORMANCE CURVES (CONT) 
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The ISO 120 and ISO 121 isolation amplifiers comprise input 
and output 
sections 
galvanically 
isolated 
by matched 
IpF 


capacitors 
built into the ceramic barrier. The input is duty- 


cycle modulated and transmitted 
digitally across the barrier. 


The output section recei ves the modulated signal, converts it 
back to an analog voltage and removes the ripple component 
inherent in the demodulation. 
The input and output sections 
are laser-trimmed 
for exceptional 
matching of circuitry com- 
mon to both input and output sections. 


FREE-RUNNING 
MODE 


An input amplifier 
(A I, Figure I) integrates 
the difference 
between 
the input 
current 
(VIN/2OOkil) and a switched 
± IOOIJAcurrent source. This current source is implemented 
by a switchable 
2001JA source and a fixed 1001JA current 


sink. To understand 
the basic operation of the input section, 


assume 
that VIN = O. The 
integrator 
will ramp 
in one 
direction 
until the comparator 
threshold 
is exceeded. 
The 


comparator 
and sense amp will force the current source to 
switch; the resultant 
signal is a triangular 
waveform 
with a 
50% duty 
cycle. 
If VIN changes, 
the duty cycle 
of the 


integrator 
will change to keep the average DC value at the 


output of A I near zero volts. This action converts the input 
voltage to a duty-cycle 
modulated 
triangular 
waveform 
at 
the output of A I near zero volts. This action converts 
the 
input voltage to a duty-cycle modulated triangular waveform 
at the output 
of Al 
with a frequency 
determined 
by the 


internal 
150pF capacitor. 
The comparator 
generates 
a fast 
rise time square wave that is simultaneously 
fed back to keep 
Al 
in charge 
balance 
and also 
across 
the barrier 
to a 
differential 
sense amplifier with high common-mode 
rejec- 
tion characteristics. 
The sense amplifier 
drives a switched 


current source surrounding 
A2. The output stage balances 


the duty-cycle 
modulated 
current against the feedback cur- 
rent through 
the 200kQ 
feedback 
resistor, 
resulting 
in an 


average value at the Sense pin equal to VIN.The sample and 
hold amplifiers in the output feedback loop serve to remove 
undesired ripple voltages inherent in the demodulation process. 


50 


Time (~s) 


SYNCHRONIZED 
MODE 


A unique feature of the ISO 120 and ISO 121 is the ability to 
synchronize 
the modulator to an external signal source. This 


capability 
is useful 
in eliminating 
trouble-some 
beat fre- 
quencies 
in multi-channel 
systems 
and in rejecting 
AC 
signals 
and their harmonics. 
To use this feature, 
external 


capacitors 
are connected 
at C, and Cz (Figure 
I) to change 


the free-running 
carrier 
frequency. 
An external 
signal 
is 
applied to the Ext Osc pin. This signal forces the current 
source to switch at the frequency 
of the external 
signal. If 
VIN is zero, and the external source has a 50% duty cycle, 
operation proceeds as described above, except that the switch- 
ing frequency 
is that of the external source. If the external 
signal has a duty cycle other than 50%, its average value is 
not zero. At start-up, the current source does not switch until 
the integrator establishes 
an output equal to the average DC 
value of the external signal. At this point, the external signal 
is able to trigger the current source, producing 
a triangular 
waveform, 
symmetrical 
about 
the new DC value, 
at the 


output of AI. For VIN = 0, this waveform 
has a 50% duty 


cycle. As V1Nvaries, the waveform retains its DC offset, but 
varies in duty cycle to maintain charge balance around AI. 
Operation of the demodulator 
is the same as outlined above. 


Synchronizing 
to a Sine 
or Triangle 
Wave External Clock 


The ideal external clock signal for the ISO 120/121 is a ±4 V 
sine wave or ±4 V, 50% duty-cycle triangle wave. The ext osc 
pin of the ISOl201121 
can be driven directly with a ±3V to 


±5V sine or 25% to 75% duty-cycle triangle wave and the ISO 
amp's internal modulator/demodulator 
circuitry will synchro- 
nize to the signal. 


Synchronizing 
to signals below 400kHz requires the addition 


of two external capacitors 
to the ISO 1201121. Connect one 


capacitor in parallel WiU, me imernal modulator capacitor and 
connect the other capacitor in parallel with the internal de- 
modulator capacitor as shown in Figure 1. 
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Signal 
Com 1 
Ext 
Osc 


+VS1 
Gnd 1 -VS1 


NOTE: (1) Optional. See text. 


The value of the external modulator capacitor, Ct, depends on 
the frequency 
of the external 
clock 
signal. 
Table 
I lists 


recommended 
values. 


C" C, 1501201121 
EXTERNAL 
CLOCK 
MODULATOR,DEMODULATOR 
FREQUENCY 
RANGE 
EXTERNAL 
CAPACITOR 


400kHz to 700kHz 
none 
200kHz to 400kHz 
500pF 


100kHz to 200kHz 
1000pF 
50kHz to 100kHz 
2200pF 


20kHz to 50kHz 
4700pF 
10kHz to 20kHz 
O.Q1I'F 
5kHz to 10kHz 
O.022I'F 


TABLE I. Recommended 
IS0120/l21 
External Modulator/ 


Demodulator 
Capacitor Values vs External Clock 


Frequency. 


The value of the external demodulator capacitor, C2, depends 
on the value of the external modulator 
capacitor. To assure 
stability, C2 must be greater than 0.8· Ct. A larger value for 
C2 will decrease bandwidth and improve stability: 


1.2 


200kn 
(150pF+C2) 


Where: 


L3dB 
z -3dB 
bandwidth 
of ISO amp with external ~ 
(Hz) 


C2 = External demodulator 
capacitor (f) 


For example, with C2 = O.O1~, the L3dB 
bandwidth 
of the 


IS0120/l21 
is approximately 
600Hz. 
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Synchronizing 
to a 400kHz to 700kHz 
Square-Wave 
External Clock 
At frequencies 
above 400kHz, 
an internal clamp and filter 


provides signal conditioning 
so that a square-wave 
signal can 
be used to directly 
drive the IS0120/l21. 
A square-wave 
external clock signal can be used to directly drive the ISO 120/ 


121 ext osc pin if: the signal is in the 400kHz 
to 700kHz 
frequency range with a 25% to 75% duty cycle, and ±3V to 
±20V level. Details of the internal clamp and filter circuitry 
are shown in Figure I. 


Synchronizing 
to a 10% to 90% 
Duty-cycle 
External Clock 
With the addition of the signal conditioning 
circuit shown in 


Figure 2, any 10% to 90% duty-cycle square-wave 
signal can 


be used to drive the IS0120/l2l 
ext osc pin. With the values 


shown, the circuit can be driven by a 4Vp-p TIL signal. For 
a higher or lower voltage input, increase or decrease the Iill 
resistor, 
Rx, proportionally. 
e.g. for a ±4V 
square 
wave 


(8Vp-p) Rx should be increased to 2kn. 


The value of Cx used in the Figure 2 circuit depends on the 
frequency of the external clock signal. Table II shows recom- 
mended capacitor values. 


Note: For external clock frequencies below 400kHz, external 
modulator/demodulator 
capacitors 
are 
required 
on the 


ISOl201l21 
as before. 


-- 


1~F 
0---1 


Sq Wave In 


Triangle Out 
to 1501201121 
Ext Osc 


FIGURE 
2. Square Wave to Triangle Wave Signal Condi- 
tioner for Driving IS0120/121 Ext Osc Pin. 


EXTERNAL 
CLOCK 
FREQUENCY 
RANGE 
Cx 


400kHz to 700kHz 
30pF 
200kHz to 400kHz 
180pF 
100kHz to 200kHz 
680pF 
50kHz to 100kHz 
1800pF 
20kHz to 50kHz 
3300pF 
10kHz to 20kHz 
O.Q1~F 
5kHz to 10kHz 
0.022~F 


TABLE 
II. Recommended 
Cx Values 
vs Frequency 
for 
Figure 2 Circuit. 


BASIC OPERATION 


Signal and Power Connections 
Figure 3 shows proper power and signal connections. 
Each 
power 
supply pin should be bypassed 
with 1~ 
tantalum 
capacitor 
located as close to the amplifier 
as possible. 
All 
ground connections 
should be run independently 
to a com- 
mon point if possible. 
Signal Common 
on both input and 
output sections provide a high-impedance 
point for sensing 


signal ground in noisy applications. 
Signal Common 
must 
have a path to ground for bias current return and should be 
maintained 
within ±1 V of Gnd. The output sense pin may be 


NOTE: (1) Optional. See text. (2) Ground if not used. 


FIGURE 3. Power and Signal Connections. 


connected directly to VOUT or may be connected to a remote 
load to eliminate 
errors due to IR drops. Pins are provided 
for use of external integrator 
capacitors. 
The C IH and C2H 
pins are connected 
to the integrator 
summing junctions 
and 
are therefore 
particularly 
sensitive to external pickup. This 
sensitivity 
will most often appear as degraded IMR or PSR 
performance. 
AC or DC currents 
coupled 
into these pins 
results in VERROR = IERROR X 2()()kQ at the output. Guarding 
of these pins to their respective 
Signal Common, or C1L and 
C2L 
is strongly 
recommended. 
For similar 
reasons, 
long 
traces 
or physically 
large capacitors 
are not desirable. 
If 
wound-foil 
capacitors 
are used, the outside foil should be 
connected 
to C1L and C2L, respectively. 


Optional Gain and Offset Adjustments 
Rated gain accuracy and offset performance 
can be achieved 
with no external 
adjustments, 
but the circuit of Figure 4a 
may be used to provide 
a gain trim of ±O.5% for values 
shown; greater range may be provided by increasing the size 
of R1 and R2. 
Every 
2kQ 
increase 
in R1 will give 
an 
additional 
I% adjustment 
range, with R2 <: 2Rt• If safety or 
convenience 
dictates 
location 
of the adjustment 
potenti- 
ometer on the other side of the barrier 
from the position 
shown 
in Figure 
4a, the positions 
of R1 and R2 may be 
reversed. Gains greater than one may be obtained 
by using 
the circuit of Figure 4b. Note that the effect of input offset 
errors will be multiplied 
at the output in proportion 
to the 
increase 
in gain. Also, the small-signal 
bandwidth 
will be 
decreased 
in inverse proportion 
to the increase 
in gain. In 
most instances, 
a precision 
gain block at the input of the 
isolation amplifier will provide better overall performance. 


Figure 5 shows a method for trimming 
Vos of the IS0120 
and ISO 121. This circuit 
may be applied 
to either Signal 
Com (input or output) as desired for safety or convenience. 
With the values shown, ±15V supplies 
and unity gain, the 
circuit will provide ±150mV adjustment 
range and 0.25mV 


C (1) 
2 
rl~, 


Sense 
vour 
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resolution with a typical 
trim potentiometer. 
The output will 


have 
some 
sensitivity 
to power 
supply 
variations. 
For a 
±l00mV 
trim, power 
supply 
sensitivity 
is 8mVN 
at the 
output. 


V~'I1R' 


IN 
:~nse 
VOOT 


GND1: 
R, 


R, 


(R, 
R,) 
Gain=1+ 
-+- 
R, 
200k 


Signal Com 1 
or 


Signal Com 2 


CARRIER 
FREQUENCY 
CONSIDERATIONS 


As previously 
discussed, the ISOl20 
and ISOl21 
amplifiers 


transmit 
the signal across the iso-barrier 
by a duty-cycle 
modulation 
technique. 
This system 
works like any linear 
amplifier 
for input signals 
having 
frequencies 
below one 
half the carrier frequency, 
fe. For signal frequencies 
above 
fel2, the behavior 
becomes more complex. The Signal Re- 
sponse vs Carrier Frequency 
performance 
curve describes 
this behavior 
graphically. 
The upper curve illustrates 
the 
response for input signals varying from DC to fd2. At input 
frequencies 
at or above fd2, the device generates an output 


signal component 
that varies 
in both amplitude 
and fre- 
quency, as shown by the lower curve. The lower horizontal 
scale shows the periodic 
variation 
in the frequency 
of the 
output component. 
Note that at the carrier frequency and its 


harmonics, 
both the frequency 
and amplitude 
of the re- 
sponse go the zero. These characteristics 
can be exploited in 


certain applications. 
It should be noted that when C, is zero. 
the carrier 
frequency 
is nominally 
500kHz 
and the - 3dB 
point of the amplifier 
is 60kHz. 
Spurious 
signals 
at the 


output are not significant 
under these circumstances 
unless 


the 
input 
signal 
contains 
significant 
components 
above 
250kHz. 


There are two ways to use these characteristics. 
One is to 
move the carrier frequency low enough that the troublesome 
signal components 
are attenuated 
to an acceptable 
level as 
shown in Signal Response 
vs Carrier 
Frequency. 
This in 
effect limits the bandwidth 
of the amplifier. The Synchroni- 


zation 
Range 
performance 
curve 
shows 
the 
relationship 
between carrier frequency 
and the value of C;. To maintain 


stability, C2 must also be connected 
and must be equal to or 
larger in value than C;. C2 may be further increased in value 
for additional 
attenuation 
of the undesired 
signal compo- 
nents and provides 
the additional 
benefit 
of reducing 
the 


residual carrier ripple at the output. See the Bandwidth vs C2 
,.... 
performance 
curve. 
N 


When periodic noise from external sources such as system 
-0"'" 


clocks and DC/DC converters 
are a problem, 
IS0120 
and 
ISO 121 can be used to reject this noise. The amplifier can be 
~ 
synchronized 
to an external frequency 
source, fEXT, placing 
0 
the amplifier 
response 
curve at one of the frequency 
and 
en 
amplitude nulls indicated in the Signal Response vs Carrier 
- 
Frequency 
performance 
curve. For proper synchronization, 
5 


choose C; as shown in the Synchronization 
Range perfor- 
mance curve. Remember 
that C2 ~ C; is a necessary 
condi- 


tion for stability of the isolation amplifier. This curve shows 
the range of lock at the fundamental 
frequency 
for a 4V 


sinusoidal signal source. The applications 
section shows the 
ISO 120 and ISO 121 synchronized 
to isolation 
power sup- 


plies, 
while Figure 
6 shows 
circuitry 
with opto-isolation 


suitable for driving the Ext Osc input from TTL levels. 


+5V 


2000 


2 


---- 
---- 


TTL 
f'N 
3 


6N136 


C,f- 


Ext Osc on 
150120 (pin 22) 


C, : (140E.6) 
_ 350pF 


f'N 


e2 =- 10 X C1' with a minimum 
10nF 


FIGURE 6. Synchronization 
with Isolated Drive Circuit for 
Ext Osc Pin. 


ISOLATION 
MODE VOLTAGE 


Isolation 
mode voltage (IMV) is the voltage appearing 
be- 
tween isolated grounds Gnd 1 and Gnd 2. IMV can induce 
error at the output 
as indicated 
by the plots of IMV vs 


Frequency. 
It should be noted that if the IMV frequency 
exceeds fd2, the output will display spurious 
outputs in a 


manner 
similar 
to that described 
above, 
and the amplifier 
response 
will be identical 
to that shown in the Signal Re- 
sponse vs Carrier Frequency performance 
curve. This occurs 
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uy Ult, llVlK snown 
10 llVlK vs rrequency 
perrormance 
curve 
and compute 
the amplifier 
response 
to this input-referred 
error signal from the data given in the Signal Response 
vs 
Carrier Frequency performance 
curve. Due to effects of very 
high-frequency 
signals, 
typical 
IMV performance 
can be 
achieved 
only when 
dV/dT 
of the isolation 
mode voltage 
falls below 
1000V/IlS. 
For convenience, 
this is plotted in the 
typical performance 
curves for the ISO I20 and ISO 121 as a 
function 
of voltage and frequency 
for sinusoidal 
voltages. 
When 
dV/dT 
exceeds 
lOOOV/1lSbut falls below 
20kV/IlS, 
performance 
may be degraded. 
At rates of change 
above 
20kV IllS, the amplifier 
may be damaged, 
but the barrier 
retains its full integrity. Lowering the power supply voltages 
below ±1SV may decrease the dV/dT 
to SOOV/IlS for typical 
performance, 
but the maximum 
dV/dT 
of 20kV/IlS 
remains 
unchanged. 


Leakage current is determined 
solely by the impedance 
of 
the 2pF barrier capacitance 
and is plotted in the Isolation 
Leakage Current vs Frequency 
curve. 


Because a long-term 
test is impractical 
in a manufacturing 
situation, 
the generally 
accepted 
practice 
is to perform 
a 
production test at a higher voltage for some shorter time. The 
relationship 
between actual test voltage and the continuous 
derated maximum specification 
is an important one. Histori- 
cally, Burr-Brown 
has chosen 
a deliberately 
conservative 
one: VTEST= (2 X ACrms continuous rating) + lOOOVfor 10 
seconds, followed by a test at rated ACrms voltage for one 
minute. 
This choice was appropriate 
for conditions 
where 
system transients 
are not well defined. 


Recent 
improvements 
in high-voltage 
stress testing 
have 
produced 
a more meaningful test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 
apply this new technology 
in the manufacture 
and testing of 
the ISOl20 
and ISOI21. 


Partial Discharge 
When an insulation 
defect such as a void occurs within an 
insulation system, the defect will display localized corona or 
ionization 
during exposure to high-voltage 
stress. This ion- 
ization requires 
a higher 
applied 
voltage 
to start the dis- 
charge and lower voltage to maintain it or extinguish 
it once 
started. The higher start voltage is known as the inception 
voltage, while the extinction 
voltage is that level of voltage 
stress at which the discharge ceases. Just as the total insula- 
tion system has an inception 
voltage, 
so do the individual 
voids. A voltage will build up across a void until its incep- 
tion voltage is reached, at which point the void will ionize, 


Olscnarge. 
ll, as IS me case wlm 
AL, 
me appl1eo VOltage 
gradient across the device continues 
to rise, another partial 
discharge cycle begins. The importance 
of this phenomenon 
is that, if the discharge does not occur, the insulation system 
retains its integrity. If the discharge 
begins, and is allowed 
to continue, 
the action of the ions and electrons 
within the 
defect will eventually degrade any organic insulation system 
in which they occur. The measurement 
of partial discharge 
is still useful in rating the devices 
and providing 
quality 
control of the manufacturing 
process. Since the ISOl20 
and 
ISO 121 do not use organic 
insulation, 
partial discharge 
is 
non-destructive. 


The inception voltage for these voids tends to be constant, so 
that the measurement 
of total charge 
being redistributed 
within the dielectric is a very good indicator of the size of the 
voids and their likelihood of becoming 
an incipient failure. 
The bulk inception 
voltage, on the other hand, varies with 
the insulation 
system, and the number of ionization defects 
and directly establishes the absolute maximum voltage (tran- 
sient) 
that can be applied 
across 
the test device 
before 
destructive 
partial discharge can begin. Measuring 
the bulk 
extinction voltage provides a lower, more conservative 
volt- 
age from 
which 
to derive 
a safe 
continuous 
rating. 
In 
production, 
measuring 
at a level 
somewhat 
below 
the 
expected 
inception 
voltage 
and then derating 
by a factor 
related 
to expectations 
about 
system 
transients 
is an 
accepted practice. 


Partial Discharge 
Testing 
Not only does this test method provide far more qualitative 
information 
about stress-withstand 
levels than did previous 
stress tests, but it provides quantitative 
measurements 
from 
which quality assurance and control measures can be based. 
Tests similar to this test have been used by some manufac- 
turers, 
such 
as those 
of high-voltage 
power 
distribution 
equipment, 
for some 
time, 
but they employed 
a simple 
measurement 
of RF noise to detect ionization. 
This method 
was not quantitative 
with regard to energy of the discharge, 


and was not sensitive enough for small components 
such as 
isolation 
amplifiers. 
Now, however, 
manufacturers 
of HV 
test equipment 
have developed 
means 
to quantify 
partial 
discharge. 
VDE, the national 
standards 
group in Germany 
and an acknowledged 
leader in high-voltage 
test standards, 
has developed a standard test method to apply this powerful 
technique. 
Use of partial discharge 
testing is an improved 
method for measuring 
the integrity of an isolation 
barrier. 


To accommodate 
poorly-defined 
transients, 
the part under 
test is exposed to voltage that is 1.6 times the continuous- 
rated voltage and must display $SpC partial discharge level 
in a 100% production 
test. 
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The 150120 
and 150121 
isolation 
amplifiers 
are used in 
three categories 
of applications: 


I. Accurate 
isolation 
of signals from high voltage ground 
potentials, 


2. Accurate 
isolation 
of signals from severe ground 
noise 


and, 


3. Fault protection 
from high voltages 
in analog measure- 
ments. 


Figures 7 through 12 show a variety of Application 
Circuits. 


8 
+VIN 


PWS74G-1 


1 


0.3~Fb 


System Uses: 
1 - Oscillator/Driver 
8 - Transformers 
8 - Bridges 
8 -1501205 
8 - Transistors 
VN2222 
8 - Zener 
Diodes, 6.2V, 400mW, 
20% 


Not all components 
shown. 
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C, = 1000pF 
C, = 1000pF 


Differential 
input accurately 
senses 
power 
resistor voltage. 


Two resistors 
protect 
INA110 
from open power 
resistor. 
High frequency spike reject filter has foo = 400Hz. 


+VS2 
-VS2 


16 


n n 
S.OOV 


--l 
LJ 
L 
OV 


Calibration 
Signal 


NOTE: 
(1) All capacitor 
values in IJF unless otherwise 
noted. Diodes are IN4148. (2) NE2H: Neon bulb. max 


strl'king 
voltage 95V AC' 


120~H 
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+V -v 


. 
lj__t~ _ 


,,,,, 


, 
: v= 
950 
: 
2 
, 


I 25kn 
: 
1 
1 


Sync 


Gnd 
-Vs: 
-15V 
'---v----' 


on PWS740 
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Up to 6 
more 
channels 


BURR - BROWN® 
IElElI 


Precision 
Lowest Cost 
ISOLATION AMPLIFIER 


.100% 
TESTED 
FOR HIGH-VOLTAGE 
BREAKDOWN 


• 
RATED 1500Vrms 


• 
HIGH IMR: 140dB at 60Hz 


• 
BIPOLAR 
OPERATION: 
Va = ±10V 


• 
16-PIN PLASTIC 
DIP AND 28-LEAD 
SOIC 


• 
EASE OF USE: Fixed Unity Gain 
Configuration 


• 
0.020% max NONLINEARITY 


• 
±4.5V to ±18V SUPPLY RANGE 


The 150122 
is a precision 
isolation 
amplifier 
incor- 


porating a novel duty cycle modulation-demodulation 
technique. 
The signal is transmitted 
digitally 
across 


a 2pF differential capacitive barrier. With digital modu- 
lation the barrier characteristics 
do not affect signal 


integrity, resulting in excellent reliability and good high 
frequency 
transient immunity across the barrier. Both 
barrier capacitors 
are imbedded in the plastic body of 
the package. 


The 150122 
is easy to use. No external components 
are required for operation. 
The key specifications 
are 
0.020% 
max nonlinearity, 
50kHz 
signal bandwidth, 
and 200~V/oC 
Vos drift. A power 
supply range of 
±4.5V to ±18V and quiescent currents of ±5.0mA on 
VS1 and ±5.5mA 
on VS2 make these amplifiers 
ideal 


for a wide range of applications. 


The 150122 is available in 16-pin plastic DIP and 28- 
lead plastic 
surface 
mount packages. 


• 
INDUSTRIAL 
PROCESS 
CONTROL: 
Transducer 
Isolator, Isolator for Thermo- 
couples, 
RTDs, Pressure 
Bridges, and 


Flow Meters, 4mA to 20m A Loop Isolation 


• 
GROUND 
LOOP ELIMINATION 


• 
MOTOR AND SCR CONTROL 


• 
POWER MONITORING 


• 
PC-BASED 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


~'~1t~v~ 


+VS2 
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SPECIFICATIONS 


IS0122PIU 
IS0122JP/JU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage Rated Continuous AC 60Hz 
1500 
VAC 
100% Test 
(1) 
1s, 5pc PD 
2400 
VAC 
Isolation Mode Rejection 
60Hz 
140 
dB 
Barrier Impedance 
10"112 
UllpF 
Leakage Current at 60Hz 
VISO = 240Vrms 
0,18 
0.5 
j.i.Arms 


GAIN 
Vo• 
±10V 
Nominal Gain 
1 
VN 


Gain Error 
±O.05 
±O.50 
%FSR 
Gain vs Temperature 
±10 
ppm/"C 
Nonlinearity(2) 
±0.016 
±0.020 
±0.025 
±0.050 
%FSR 


INPUT OFFSET VOLTAGE 
Initial Offset 
±20 
±50 
mV 


vs Temperature 
±200 
)!V/"C 
vs Supply 
±2 
.. 
mVN 
Noise 
4 
)!V/'I'Hz 


INPUT 
Voltage Range 
±10 
±12.5 
V 


Resistance 
200 
kU 


OUTPUT 
Voltage Range 
±10 
±12.5 
V 


Current Drive 
±5 
±15 
mA 
Capacitive 
Load Drive 
0.1 
)!F 
Ripple Voltage(3) 
20 
mVp-p 


FREQUENCY 
RESPONSE 
Small Signal Bandwidth 
50 
kHz 
Slew Rate 
2 
V/)!s 
Settling Time 
Vo• 
±10V 
0.1% 
50 
)!S 
0.01% 
350 
)!S 
Overload Recover Time 
150 
)!S 


POWER SUPPLIES 
Rated Voltage 
±15 
V 
Voltage Range 
±4.5 
±18 
V 
Quiescent Current: 
VS1 
±5.0 
±7.0 
mA 
Vsz 
±5.5 
±7.0 
mA 


TEMPERATURE 
RANGE 
Specification 
-25 
+85 
"C 
Operating 
-25 
+85 
"C 
Storage 
-40 
+85 
"C 


OJ, 
100 
"CIW 


°JC 
65 
"CIW 


* Specification 
same as lS0122P/U. 
NOTES: (1) Tested at 1.6 X rated, fail on 5pC partial discharge. (2) Nonlinearity is the peak deviation of the output voltage from the best-fit straight line. It is expressed 
as the ratio of deviation to FSR. (3) Ripple frequency is at carrier frequency (500kHz). 


The information provided herein is believed to be reliable: however, BURR-BROWN 
assumes no responsibility tor inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERI') 


IS0122P 
16-Pin Plastic DIP 
238 
IS0122JP 
16-Pin Plastic DIP 
238 
IS0122U 
28-Pin Plastic SOIC 
217-1 


IS0122JU 
28-Pin Plastic SOIC 
217-1 


NONLINEARITY 
MODEL 
PACKAGE 
MAX%FSR 


IS0122P 
Plastic DIP 
to.020 


iS0122JP 
Plastic DIP 
to.050 
IS0122U 
Plastic SOIC 
to.020 
IS0122JU 
Plastic sOle 
±O.OSO 
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Supply Voltage 
.. 
t18V 
V,N 
t100V 
Continuous 
Isolation Voltage 
1500Vrms 


Junction Temperature. 
.. +150°C 
Storage Temperature 
+85°C 


Lead Temperature 
(soldering, 
108) 
. 
+300°C 
Output 
Short to Common 
Continuous 


?: 


+10 
"'" 
g 
~ 
0 
"%0 
-10 


500 


Time(f!S) 


+10 
?: 
" 
g> 
~ 
~.3 
-10 


50 


Time(f!S) 


STEP RESPONSE 
STEP RESPONSE 


+10 
+10 
?: 
?: 


" 
" 
'" 
'" 
~ 
~ 
g 
0 
0> 
~ 
s 
% 
6 -10 
0 
-10 


500 
1000 
50 
100 


Time(f!S) 
Time (f!S) 


2.1k 
"~ 
lk 
0>".~ 
~~ 
100 
'"" 
0.. 


10k 
lOOk 
1M 


Frequency (Hz) 


160 


140 


120 


10 
'"- 
100 
II:~ 


80 


60 


40 


r-..., 
" 


r--, , 


100 
lk 
10k 


Frequency (Hz) 
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60 


54 


40 
iD 
:2- 
a:a: 
(/) 
Q. 


20 


0 


100mA 


10mA 
I 
1mA 


c 
~ 100~A 
() 
"'"~ 
10~A 
'"" 
...J 


1~A 


0.1~A 


\ 
\ 
\ 


\ I 


1\ 
+VS1' +VS2 


-VS1,-VS2 
\1 


1\\ 
\ \ 


100 
lk 
10k 


Frequency (Hz) 


1500Vrms 


24?yrms 


100 
1k 
10k 


Frequency (Hz) 


SIGNAL RESPONSE TO 
INPUTS GREATER THAN 250kHz 


0 
250 


E 
-10 
200 
<5 
CD:2- 
~ 
z 
" 
-20 
150 
c 
) 
!g 


CT 
i" 
> 
-30 
100 
u. 


-40 
50 


500k 
1M 
1.5M 


Input Frequency (Hz) 


(NOTE: 
Shaded 
area shows aliasing frequencies 
that 
cannot be removed 
by a low-pass 
filter at the output.) 


BURR - BROWNe 
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THEORY OF OPERATION 


The ISO 122 isolation amplifier uses an input and an output 
section galvanically 
isolated by matched 
1pF isolating 
ca- 
pacitors 
built into the plastic package. 
The input is duty- 
cycle modulated 
and transmitted 
digitally across the bamer. 


The output section receives the modulated signal, converts it 
back to an analog voltage and removes the ripple component 
inherent in the demodulation. 
Input and output sections are 
fabricated, then laser trimmed for exceptional circuitry match- 
ing common to both input and output sections. The sections 
are then mounted on opposite ends of the package with the 
isolating capacitors 
mounted between the two sections. The 
transistor 
count of the ISOl22 
is 250 transistors. 


MODULATOR 


An input amplifier 
(A I, Figure 1) integrates 
the difference 
between 
the 
input 
current 
(VIN/2ookQ) 
and 
a switched 
± 1oollA current source. This current source is implemented 
by a switchable 
200llA source and a fixed 100llA current 
sink. To understand 
the basic operation 
of the modulator, 


assume that VIN = O.OV. The integrator 
will ramp in one 
direction 
until the comparator 
threshold 
is exceeded. 
The 
comparator 
and sense amp will force the current source to 
switch; the resultant 
signal is a triangular 
waveform 
with a 
50% duty cycle. The internal 
oscillator 
forces the current 
source to switch at 500kHz. The resultant capacitor drive is 
a complementary 
duty-cycle 
modulation 
square wave. 


The sense amplifier detects 
the signal transitions 
across the 
capacitive 
bamer 
and drives a switched current source into 
integrator 
A2. The output 
stage balances 
the duty-cycle 


modulated 
current against the feedback current through the 
200kQ feedback resistor, resulting in an average value at the 
VOUT pin equal to VIN.The sample and hold amplifiers in the 
output 
feedback 
loop 
serve 
to remove 
undesired 
ripple 
voltages inherent in the demodulation 
process. 


SIGNAL 
AND SUPPLY 
CONNECTIONS 


Each power supply pin should be bypassed with IJ.IFtanta- 
lum capacitors 
located as close to the amplifier as possible. 


The internal frequency 
of the modulator/demodulator 
is set 
at 500kHz by an internal oscillator. Therefore, if it is desired 
to minimize 
any feed through noise (beat frequencies) 
from 
a DCIDC converter, use a 1t filter on the supplies (see Figure 
4). ISOl22 
output has a 500kHz ripple of 20m V, which can 
be removed with a simple two pole low-pass filter 
with a 
100kHz cutoff using a low cost op amp. See Figure 4. 


The input to the modulator 
is a current (set by the 200kQ 
integrator 
input resistor) 
that makes it possible 
to have an 
input voltage greater than the input supplies, as long as the 
output supply is at least ±15V. It is therefore possible when 
using an unregulated 
DCIDC converter 
to minimize 
PSR 
related 
output 
errors 
with ±5V voltage 
regulators 
on the 
isolated 
side and still get the full ± 1OV input and output 
swing. An example of this application is shown in Figure 10. 


CARRIER 
FREQUENCY 
CONSIDERATIONS 


The ISO 122 amplifier transmits the signal across the isola- 
tion bamer 
by a 500kHz duty cycle modulation 
technique. 


For input signals 
having 
frequencies 
below 
250kHz, 
this 
system works like any linear amplifier. But for frequencies 


100~A 


150pF 
2001<0 
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above 250kHz, the behavior is similar to that of a sampling 
amplifier. The signal response to inputs greater than 250kHz 
performance 
curve shows this behavior graphically; 
at input 
frequencies 
above 250kHz 
the device generates 
an output 
signal 
component 
of reduced 
magnitude 
at a frequency 
below 250kHz. 
This is the aliasing 
effect of sampling 
at 
frequencies 
less than 
2 times 
the signal 
frequency 
(the 
Nyquist frequency). Note that at the carrier frequency and its 
harmonics, both the frequency and amplitude of the aliasing 
go to zero. 


IMV can induce errors at the output as indicated by the plots 
of IMV vs Frequency. 
It should be noted that if the IMV 
frequency 
exceeds 
250kHz, 
the output 
also will display 
spurious outputs (aliasing), 
in a manner similar to that for 
VIN> 
250kHz and the amplifier 
response will be identical 
to that shown 
in the Signal 
Response 
to Inputs 
Greater 
Than 
250kHz 
performance 
curve. 
This 
occurs 
because 
IMV -induced errors behave like input-referred 
error signals. 
To predict 
the total error, divide the isolation 
voltage 
by 
the IMR shown 
in the IMR versus Frequency 
curve and 
compute 
the amplifier 
response 
to this input-referred 
error 
signal from the data given in the Signal Response to Inputs 
Greater Than 250kHz performance 
curve. For example, if a 
800kHz lOOOVrms IMR is present, then a total of [(-60dB) 
+ (-30dB)] 
x (IOOOV) = 32mV error signal at 200kHz plus 
a IV, 800kHz error signal will be present at the output. 


HIGH IMV dVldt ERRORS 


As the IMV frequency 
increases 
and the dVIdt exceeds 
lOOOV/llS,the sense amp may start to false trigger, and the 
output 
will display 
spurious 
errors. 
The 
common 
mode 
current being sent across the barrier by the high slew rate is 
the cause 
of the false 
triggering 
of the sense 
amplifier. 


Lowering 
the power 
supply 
voltages 
below 
±I5V 
may 
decrease 
the dVIdt to 500V IllS for typical performance. 


Burr-Brown 
Corporation 
has adopted a partial discharge test 
criterion that conforms 
to the German VDE0884 
Optocou- 
pier Standards. 
This method 
requires 
the measurement 
of 
minute 
current 
pulses 
«5pC) 
while applying 
2400Vrms, 
60Hz 
high 
voltage 
stress 
across 
every 
ISO 122 isolation 
barrier. 
No 
partial 
discharge 
may 
be 
initiated 
to pass 
this 
test. 
This 
criterion 
confirms 
transient 
overvoltage 
(1.6 x 1500Vrms) protection without damage to the ISOI22. 
Lifetest results verify the absence of failure under continu- 
ous rated voltage and maximum 
temperature. 


This new test method represents 
the "state-of-the 
art" for 
non-destructive 
high voltage reliability testing. It is based on 
the effects of non-uniform 
fields that exist in heterogeneous 
dielectric material during barrier degradation. 
In the case of 
void non-uniformities, 
electric field stress begins to ionize 
the void region 
before 
bridging 
the entire 
high 
voltage 
barrier. The transient conduction 
of charge during and after 
the ionization can be detected externally 
as a burst of 0.01- 
O.IllS current pulses that repeat on each AC voltage cycle. 
The minimum 
AC barrier voltage that initiates partial dis- 
charge is defined as the "inception 
voltage." Decreasing 
the 
barrier 
voltage 
to a lower level is required 
before 
partial 
5 


discharge ceases and is defined as the "extinction 
voltage." 
We have characterized 
and developed the package insulation 
processes to yield an inception voltage in excess of 2400Vrms 
so that transient 
overvoltages 
below 
this 
level 
will 
not 
damage 
the 
ISO 122. The 
extinction 
voltage 
is above 
1500Vrms 
so that even overvoltage 
induced 
partial 
dis- 
charge will cease once the barrier voltage is reduced to the 
1500Vrms 
(rated) level. Older high voltage 
test methods 
relied on applying a large enough overvoltage 
(above rating) 
to break down marginal parts, but not so high as to damage 
good ones. Our new partial discharge testing gives us more 
confidence 
in barrier reliability 
than breakdown/no 
break- 
down criteria. 


FIGURE 3. Programmable-Gain 
Isolation Channel with 
Gains of 1, 10, and 100. 
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FIGURE 4. 
Optional1t Filter to Minimize Power Supply Feedthrough 
Noise; Output Filter to Remove 500kHz Carrier Ripple. 
For more information 
concerning 
output filter refer to AB-023. 
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Ground 
Loop Through 
Conduit 
: 


1 
------------------------------ 


SEEBACK 
N 


ISA 
COEFFICIENT 
R2 
R. 
N 


TYPE 
MATERIAL 
(~VrC) 
(R3= lOOn) 
(Rs + R. = lOOn) 
,... 
0 
Chromel 
~ 
E 
Constantan 
58.5 
3.48kn 
56.2kn 


Iron 
, 


Constantan 
50.2 
4.12kn 
64.9kn 
, 


Chromel 
K 
Alumel 
39.4 
5.23kn 
80.6kn 


"7" 
Copper 
T 
Constantan 
38.0 
5.49kn 
64.5kn 


Gnd 
-Vs =-15V 
on PWS740 
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(V,) 


I-~ 
l- 
10Rs 


(V2) 


Pl: 
V2 (RD' 
+ RD2) 


RS R02 


(V3) 


Vl = V3 (RD' 
+ RD2) 


R02 
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k7 
V1N 
15 
IS0122P 
Your 
-;la 


16~2 
J- 


O.3~F 
1 
O.3~F 


~ 
O.3~F 


I 
-ji-- 


4 
1 
4 
1 


PWS740-3 
PWS740-3 


Channel 2 
(Same as Channel 1) 
3 
6 
3 
6 


+V~ 
3 
2 
1 
3 
2 
1 


PWS74D-2 
PWS740-2 


11o~F 
20~H 
4 
5 
6 
4 
5 
6 


O.3~F 


I 
a 


6 


5 
PWS740-1 


4 


3 


-- 


Channel 3 
Channel 
4 
(Same as Channel 1) 
(Same as Channel 
1) 
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+5V 
Regulator 
MC78L05 


-5V 


Regulator 
MC79L05 


Vs 
INPUT RANGE 
(V) 
(V)(1) 


20+ 
-210 +10 
15 
-210+5 
12 
-210+2 


NOTE: 
Since the amplifier is unity gain, the input 
range is also the output range. The output can go 
to -2V since the output section of the ISO amp 
operates 
from dual supplies. 
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Auxiliary 
Isolated 
Power 
Output 


+15V,20mA 


+15V,20mA 


Auxiliary 
Isolated 
Power 
Output 
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+15V,20mA 


Auxiliary 
Isolated 
Power 
Output 
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High IMR, Low Cost 
ISOLATION AMPLIFIER 


• 
HIGH ISOLATION-MODE 
REJECTION: 


10kVl~s (min) 


• 
LARGE SIGNAL 
BANDWIDTH: 
85kHz (typ) 


• 
DIFFERENTIAL 
INPUT/DIFFERENTIAL 


OUTPUT 


• 
VOLTAGE 
OFFSET 
DRIFT vs 


TEMPERATURE: 
4.6~Vf'C (typ) 


• 
OFFSET 
VOLTAGE 
1.8mV (max) 


• 
INPUT REFERRED 
NOISE: 300~Vrms (typ) 


• 
NONLINEARITY: 
0.25% (max) 


• 
SINGLE 
SUPPLY 
OPERATION 


• 
SIGMA-DELTA 
AID CONVERTER 


TECHNOLOGY 


• 
WORLDWIDE 
SAFETY 
APPROVAL: 
UL15n 
(File No. E162573), 
VDE0884 


(File No. 85511), 
CSA22.2 
(File No. 88324) 


• 
AVAILABLE 
IN 8-PIN PLASTIC 
DIP and 
8-PIN GULL-WING 
PLASTIC 
SURFACE 
MOUNT 


/ 


IMR SHIELD 


• 
MOTOR 
AND SCR CONTROL 


• 
MOTOR 
PHASE CURRENT 
SENSING 


• 
INDUSTRIAL 
PROCESS 
CONTROL: 
Transducer 
Isolator, 
Isolator for 
Thermocouples, 
RTDs 


• 
GENERAL 
PURPOSE 
ANALOG 
SIGNAL 


ISOLATION 


• 
POWER 
MONITORING 


• 
GROUND 
LOOP ELIMINATION 


The IS0130 
is a high isolation-mode 
rejection, 
isola- 
tion amplifier suited for motor control applications. 
Its 


versatile 
design 
provides 
the precision 
and stability 


needed to accurately 
monitor motor currents in high- 
noise motor control 
environments. 
The ISO 130 can 
also be used for general analog signal isolation appli- 
cations requiring 
stability 
and linearity 
under severe 
noise conditions. 


The signal is transmitted 
digitally across the isolation 
barrier 
optically, 
using a high-speed 
AlGaAs 
LED. 
The remainder 
of the IS0130 
is fabricated 
on l~ 
CMOS 
IC process. 
A sigma-delta 
analog-to-digital 
converter, 
chopper stabilized 
amplifiers 
and differen- 


tial input and output 
topologies 
make the isolation 
amplifier 
suitable for a variety of applications. 


The IS0130 
is easy to use. No external 
components 


are required for operation. 
The key specifications 
are 


lOkV/~ 
isolation-mode 
rejection, 
85kHz large signal 
bandwidth, 
and 4.6~Vf'C 
Vos drift. A single power 


supply ranging from -t4.5V to +5.5V makes this am- 
plifier ideal for low power isolation applications. 


The ISO 130 is available in 8-pin plastic DIP and 8-pin 
plastic gull-wing 
surface mount packages. 
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SPECIFICATIONS 


PARAMETER 


ISOLATION 
CHARACTERISTICS 
Installation 
Classification 
Table I 
Rated Mains Voltage $ 300Vrms 
Rated Mains Voltage $ 600Vrms 
Climatic Classification 
Pollution Oe9ree(1) 
Maximum 
Working 
Insulation Voltage (V10RM) 
Side A to Side B Test Voltage, Method b (VPA)(O) 


Partial Discharge < 5pC 
Side A to Side B Test Voltage, Method a (VPA)IO) 


Partial Discharge < 5pC 
Highest Allowable 
Overvoltage 
(VrAlIO) 


Safety-Limiting 
Values 
Case Temperature 
(T 51) 
Input Power (PSI (INPun) 
Output Power (p51 (OUTPUn) 


INSULATION 
RELATED 
SPECIFICATIONS 
Min. External Air Gap (clearance) 
Min. Extemal Tracking 
Path (creepage) 
Internal Isolation Gap (clearance) 
Tracking 
Resistance 
(CTI) 
Isolation Group 
Insulation 
Resistance 


IS0130pnS0130PB 
IS0130UnS0130UB 


CHARACTERISTIC 


I-IV 
I-III 
40/85/21 
2 
600 
Vrms 


Vrms 


Vrms 
VPEAK 


'C 
0 
mW 
M 
mW 
,....0 
mm 
~ 
mm 
mm 
V 


il 


VPR::: 
1.6 X V10RM• 
tp = 1s 
Type and Sample Test 
VPA = 1.2 X V10RM• tp = 60s 
Transient 
Overvoltage, 
ITA::: 10s 


>7 
8 
0.5 
175 
III a 
~ 1011 


IS0130P,IS0130PB 
IS0130U, 
IS0130UP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Input-Output 
Surge Withstand 
Voltage (8, 9), 
t = 1M1N> 
RH S 50% 
(In accordance 
with UL1577) 
3750 
Vrms 
Barrier Impedance(9) 
Resistance 
V,SO = 500VDC 
1013 
il 


Capacitance 
f = 1MHz 
0.7 
pF 
Isolation Mode Voltage Errors 
Rising Edge Transient 
Immunity 
V'M = 1kV, a Vour < 50mV 
10 
25 
kV/1lS 
Falling Edge Transient 
Immunity 
VIM = 1kV, a VOUT 
< 50mV 
10 
15 
kV/1lS 


Isolation Mode Rejection 
Ratio(2) 
> 140 
dB 
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IE:lE:lI 
Burr-Brown Ie Data Book-Linear 
Products 


ISOl30PIlS0130PB 
IS0130UIlSOl30UB 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Initial Offset Voltage 
-1.8 
-{l.9 
0.0 
mV 


vs Temperature 
4.8 
~V/'C 
vs VS1 
30 
~VN 


vs VS2 
--40 
~VN 


Power Supply Rejection; VS1 
and VS2 Together 
1MHz Square Wave, 5ns Rise/Fall Time 
5 
mVN 


Noise 
0.1Hz to 100kHz 
300 
~Vrms 


Input Voltage Range 
-200 
200 
mV 
Maximum 
Input Voltage Range before Output Clipping 
±3oo 
mV 
Initial Input Bias Currentl') 
-670 
nA 


V$ Temperature 
3 
nAl'C 


Input Aesistance(3) 
530 
kn 


vs Temperature 
0.38 
%rC 


Common·Mode 
Rejection Ratio(") 
72 
dB 


GAIN!') 
Initial Gain 
IS0130P/IS0130U 
-200mV 
< V1N+ < 200mV 
7.61 
8.00 
8.40 
VN 


IS0130PBlIS0130UB 
-200mV 
< VIN+ < 200mV 
7.85 
7.93 
8.01 
VN 
Gain vs Temperature 
10 
ppml"C 


Gain 
V$ VS1 
2.1 
ppmlmV 


Gain vs VS2 
-{l.6 
ppmlmV 


Gain Nonlinearity 
for -200mV 
< VIN+ < 200mV 
0.2 
0.35 
% 


for -100mV 
< V1N+ < 100mV 
0.1 
0.25 
% 
vs Temperature(6) 
-200mV 
< V1N+ < 200mV 
-{l.001 
% ptsf'C 


vs VS,(6) 
-200mV 
< V1N+ < 200mV 
-{l.005 
%ptsN 
V$ VS2 (6) 
-200mV 
< V1N+ < 200mV 
-{l.007 
%ptsN 


OUTPUT 
Voltage Range 


High 
VIN+ 
= +SOOmV 
3.61 
V 


Low 
V1N+ "" -SOOmV 
1.18 
V 


Common-Mode 
Voltage 
--40'C 
< T. < 85'C. 
4.5V < VS1 < 5.5V 
2.2 
2.39 
2.6 
V 
Current Orive(7) 
1 
mA 
Short-Circuit 
Current 
VOUT = OV or VOUT 
= VS2 
9.3 
mA 
Output Resistance 
11 
n 


vs Temperature 
0.6 
%/'C 


FREQUENCY 
RESPONSE 
Bandwidth 


-3dB 
--40'C 
to 85'C 
50 
85 
kHz 


--45' 
35 
kHz 


RiselFall TIme (10% - 90%) 
--40'C to 85'C 
4.3 
6.6 
~s 


Propagation 
Delay 
to 10% 
--40'C to 85'C 
2.0 
3.3 
~s 


to 50% 
--40'C to 85'C 
3.4 
5.6 
~s 


to 90% 
--40'C to 85'C 
6.3 
9.9 
~s 


POWER SUPPLIES 
Rated Voltage 
5.0 
V 
Voltage Range 
4.5 
5.5 
V 
Quiescent 
Current 
VS1 
V1N+= 200mV, -40°C 
< TA < 85°C, 4.5V < VS1 < 5.5V 
10.7 
15.5 
mA 
VS2 
--4O"C < T. < 85'C. 
4.5V < VS1 < 5.5V 
11.6 
15.5 
mA 


TEMPERATURE 
RANGE 
Specification 
--40 
85 
'C 


Operating 
--40 
100 
'c 


Storage 
-55 
125 
'c 
~. 
86 
'CIW 


NOTES: 
(1) This part may also be used in Pollution 
Degree 3 environments 
where the rated mains voltage 
is 300Vrms 
(per DIN VDE0109/12.83). 
(2) IMRR 


.20 
log (aV'N/aV,so)· (3) Time averaged 
value. (4) V'N+ • V'N- • VeM. CMRR = 20 log (aVewaVos). 
(5) The slope of the best-fit 
line of (Vour• 
- Vour_) vs 
(V1N+- 
V1N-)· (6) Change 
in nonlinearity 
vs temperature 
or supply voltage expressed 
in number of percentage 
points per °C or volt. (7) For best offset voltage 


performance. 
(8) For devices 
with minimum 
V1SO specified 
at 3750Vrms, 
each 
isolation 
amplifier 
is prooHested 
by applying 
an insulation 
test voltage 
~ 


4500Vrms 
for 1 second 
(leakage 
current 
< 5J.LA).This specification 
does not guarantee 
continuous 
operation. 
(9) Pins 1-4 are shorted 
together 
and pins 5- 


8 are shorted 
together 
for this test. 
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A 
ELECTROSTATIC 


B!Jir.. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


~UIJIJIY 
VUHdyt;l::,. 
YS1' 
YS2" 
"' ••••..• ..,.oJ" 


Steady-State 
Input Voltage. 
. 
-2V 
to Vs, + 0.5V 
2 Second Transient Input Voltage. 
.. -6.QV 
Output Voltages: 
Vexrr+, VQlIr.. 
. 
-<l.5V to Vs, + 0.5V 
Lead Temperature 
Solder (1.6mm below seating plane, 105) 
260°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBERt.) 


IS0130P 
B-Pin Plastic DIP 
006-3 


IS0130PB 
B-Pin Plastic DIP 
006-3 


IS0130U 
a-Pin Gull-Wing 
Plastic Surface 
Mount 
006-2 


IS0130UB 
a-Pin Gull-Wing 
Plastic Surtace 
Mount 
006-2 


MODEL 


IS0130P 
IS0130PB 
IS0130U 
IS0130UB 


PACKAGE 


B-Pin Plastic DIP 
B-Pin Plastic DIP 


a-Pin GUll-Wing 
Plastic Surface 
Mount 


a-Pin Gull-Wing 
Plastic Surface 
Mount 


±5% (mean value = 8.00) 
±1% (mean value = 7.93) 
±5% (mean value:: 8.00) 
±1% (mean value = 7.93) 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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TYPICAL 
PERFORMANCE 
CURVES 


BANDWIDTH 
YS TEMPERATURE 
110 
48 


100 
44 
N" 


N 
~ 
CD 
I 
~ 
:2- 
~ 
" 
~ 
90 
40 
·3 
"C 


"C 
~ 


·3 
:ii 
c. 


-g 
1Il 
E« 
'" 
80 
36 " 
~ 
1Il 
~ 
1Il 
.~ 
"C 
a. 


M 
:I-, 
a; 
70 
32 
a: 
..• 


28 
-20 
20 
40 
60 
80 
100 


Temperature 
(0C) 


-i' 
"" 
Amplitude 
'( 


Phase \ 


1\ 


\ 


- 
1\ 


0 
-5 


-10 


-15 
~ 
i!! 
C> 


-30 " 
:2- 
j 
a. 
-45 


PROPAGATION 
DELAYS and RISE/FALL TIME 


YS TEMPERATURE 
INPUT VOLTAGE NOISE YS INPUT VOLTAGE 


10 


8 
W 
2.5 
:>.s 
~ 6 
3:·0 
" 
z 
1.5 
E 
" 
;= 
C> 
4 
g0> 


2 
~ 
Bandwidth Limited to 100kHz 
Delay to 10% 


.E 
0.5 


0 
I 
0 


-40 
-20 
20 
40 
60 
80 
100 
0 
50 
100 
150 
200 
250 


Temperature 
(0C) 
Input Voltage (mV) 


~ 
400 
"Io 
200 
j 
!g 


~ 
-200 


~ 
-400 
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TYPICAL 
PERFORMANCE 
CURVES 
(CONT) 


400 
> 
20 
300 


'"go 
jg 
200 
() 


'"0>~ 
100 
0> 
~ 
0 


=> 
-100 
f 


-200 
4.4 


GAIN DRIFT vs TEMPERATURE 


1.5 


l 
0.5 
:E 
0 
c.,. 
Cl 


-{).5 


-2<1 


-1 


-40 
-20 
0 
20 
40 
60 
80 
100 


Temperature 
(0G) 


0.5 


0.4 


~ 0.3 


<I>go 
jg 
0.2 
() 
c.,. 
0.1 
Cl 


« 
oS 
-2 
E~ -4 
=> 
() 
'5 
~ 


--6 


-8 


/ 
// 
/ 
/ 


-2 
0 


Input Voltage (V) 


l 


lJ) 
-0.5 
I 
() 
c 
-1 
.,. 
Cl 


~ 
0.1 


~ 
"S 
u.. 


15 
;j. 
-0.1 
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-- 


NONLINEARITY 
CHANGE 
YS INPUT SUPPLY VOLTAGE 
NONLINEARITY 
CHANGE 
YS TEMPERATURE 


0.15 
0.06 
Vs,: 
5V 
~ 
0.10 
~ 
0.04 


C 
C 
" 
~ 
0.02 
g> 
0.05 
1'1 
'" 
.c 


() 
() 


Z. 
+2<1 
Z. 
.~ 
.~ 


.~ 
.~ -0.02 
C 
C 


0 -0.05 
0 
z 
z 
-0.04 


-0.10 
-0.06 


-40 
-20 
20 
40 
60 
80 
100 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 


Temperature 
eC) 
Input Supply Voltage, Vs (V) 


NONLINEARITY 
CHANGE 
YS 
OUTPUT SUPPLY VOLTAGE 
NONLINEARITY 
ERROR 
YS INPUT VOLTAGE 


0.06 
0.15 


ijj 
0.10 
f- 
0.04 
a. 
" 
C 
~ 
0.05 


" 
~ 
g> 
0.02 
'S 
1'1 
u. 


() 
'0 


E 
t!!- -0.05 


'":!? 
e 
~ 
W -0.10 


0 
-0.02 
z 
-0.15 


-0.20 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
-0.10 
-0.05 
0.05 
0.10 


Output Supply Voltage, Vs (V) 
Input Voltage (V) 


;;- 
-; 
3 


Ng 2.5 


0 


-200 
1-400 
C 
5 
-600 
() 
"~ -600 


-1000 


-1200 


-0.2 
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OUTPUT SUPPLY CURRENT vs INPUT VOLTAGE 


12 


;<.s 
11.5 


c 
~ 
() 
>. 
11 
Ci 
Q. 
::> 
(I) 


::> 
% 
10.5 


0 


-<J.3 
-<J.2 
-<J.l 
0 
0.1 
0.2 
0.3 


Input Voltage (V) 


LARGE SIGNAL SINUSOIDAL 
RESPONSE 


400 
OF IS0130 


300 ~ 
+100mV 
.s 
::> 
<r 
~ 
~ 
200 " 


-l00mV 
5 


,§ 


'" 
1 


100 
0..'" 
Ss 
<5 


10.5 


;<.s 
10 


C'~ 
::> 
() 
9.5 
>. 
Ci 
Q. 
::> 
(I) 
S~ 
g 


200 


~ 
150 
.s 


~ 
100 
~~ 
~ 
50 


I 
I 
\ 


I 
\ 


I 
'\ 


\\ 
~ 


LARGE SIGNAL SQUARE WAVE RESPONSE 


OF IS0130 


+100mV 


::>~ 


-100mV 
~ 3.4 


::> 
,.,I 


s 
s 
<5 
2.4 


S 
<5 


1.4 


10~sldiv 
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THEORY OF OPERATION 


The ISO 130 isolation amplifier (Figure I) uses an input and 
output section galvanically 
isolated by a high speed optical 
barrier built into the plastic package. 
The input signal is 
converted 
to a time averaged 
serial bit stream by use of a 
sigma-delta 
analog-to-digital 
converter 
and then optically 
transmitted 
digitally across the isolation barrier. The output 


section 
receives 
the digital 
signal 
and converts 
it to an 


analog voltage, 
which is then filtered to produce 
the final 
output signal. 


Internal amplifiers 
are chopper-stabilized 
to help maintain 
device 
accuracy 
over time and temperature. 
The encoder 
circuit eliminates the effects of pulse-width 
distortion of the 
optically transmitted 
data by generating one pulse for every 
edge of the converter 
data to be transmitted. 
This coding 
scheme reduces the effects of the non-ideal characteristics 
of 
the LED, 
such 
as non-linearity 
and drift over time and 
temperature. 


ISOLATION 
AND INSULATION 
SPECIFICATIONS 


The performance 
of the isolation 
barrier of the ISO 130 is 
specified 
with three specifications, 
two of which 
require 
high voltage testing. In accordance with ULIS77, 
the barrier 
integrity of each isolation amplifier is proof-tested 
by apply- 
ing an insulation 
test 
voltage 
greater 
than 
or equal 
to 


LED 
Drive 


Circuit 


4S00Vrms for one second. This is to guarantee the isolation 
amplifier will survive a 37S0V transient voltage. The barrier 
leakage 
current 
test 
limit 
is SJ.1A.Pins 
1-4 are 
shorted 


together and pins S-8 are shorted together during the test. 


This 
test 
is followed 
by the 
partial 
discharge 
isolation 
voltage 
test as specified 
in the German 
VDE0884. 
This 


method 
requires 
the measurement 
of small current 
pulses 
«Spico 
Colomb) 
while 
applying 
960Vrms 
across 
every 
ISO 130 isolation barrier. This guarantees 600Vrms continu- 
ous isolation 
(VISO) 
voltage. 
No partial discharge 
may be 
initiated 
to pass this test. This criterion 
confirms 
transient 
overvoltage 
(1.6 x 600Vrms) 
protection 
without damage to 
the IS0130. 


This test method represents "state of the art" for nondestruc- 
tive high voltage reliability testing. It is based on the effects 
of nonuniform 
fields that exist in heterogeneous 
dielectric 
material during barrier degradation. 
In the case of void non- 
uniformities, 
electric field stress begins to ionize the void 
region before bridging 
the entire high voltage barrier. The 
transient conduction 
of charge during and after the ioniza- 
tion can be detected 
externally 
as a burst of 0.01 to 0.11lS 
current 
pulses that repeat on each AC voltage 
cycle. The 
minimum 
AC barrier voltage that initiates partial discharge 
is defined as the "inception 
voltage". Decreasing 
the barrier 
voltage to a lower level is required before partial discharge 
ceases and is defined as the "extinction 
voltage". 


Decoder 


and 
D/A 


330pF 


5.11kQ 


+15V 
I 
O.1~F 


.f:l~F 


"7" 


lkQ 
"7" 


lkQ 
VOUT 


330PF~ 
5.11kQ 


.f:l~F 


-15V 
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Both tests are 100% production 
tests. The partial discharge 
testing of the ISO 130 is performed 
after the UL1577 
test 
criterion giving more confidence 
in the barrier reliability. 


The third guaranteed isolation specification for the ISO 130 is 
Transient Immunity (TI), which specifies the minimum rate 
of rise or fall of an isolation mode noise signal at which small 
output perturbations begin to occur. An isolation mode signal 
is defmed as a signal appearing between the isolated grounds, 
GND1 and GND2. 
Isolation 
Mode 
Voltage 
(IMV) 
is the 
voltage appearing 
between isolated grounds. Under certain 
circumstances 
this voltage across the isolation 
barrier can 
induce errors at the output of the isolation amplifier. Figure 2 
shows the Transient Immunity Test Circuit for the ISO 130. In 
this test circuit 
a pulse 
generator 
is placed 
between 
the 
isolated 
grounds 
(GND1 
and GND2). 
The 
inputs 
of the 
ISO 130 are both tied to GND 1. A difference amplifier is used 


_ 
50mV Perturbation 
n 
(Definition 
of Failure) 


V\........7"" 
- 
OV 


to gain the output signal of the ISO 130. A Transient Immu- 
nity failure is determined 
when the output of the ISO 130 
changes by more than 50mV as illustrated in Figure 3. 


Finally, Isolation Mode Rejection 
Ratio (typically 
>140dB 
for the ISO 130) is defined as the ratio of differential 
signal 
gain to the isolation mode gain at 60Hz. The magnitude 
of 
the 60Hz voltage across the isolation barrier during this test 
is not so large as to cause Transient 
Immunity 
errors. The 
Isolation Mode Rejection Ratio should not be confused with 
the Common 
Mode Rejection 
Ratio. The Common 
Mode 
Rejection Ratio defines the relationship 
of differential 
signal 
gain (signal applied differentially 
between pins 2 and 3) to 
the common 
mode gain (input pins tied together 
and the 
signal applied to both inputs at the same time). 


APPLICATIONS INFORMATION 


APPLICATION 
CIRCUITS 


Figure 4 illustrates 
a typical application 
for the ISO 130. In 
this motor control circuit, the current that is sent to the motor 
is sensed by the resistor, 
RSENSE.The voltage drop across 
this resistor is gained up by the ISO 130 and then transmitted 
across the isolation 
barrier. 
A difference 
amplifier, 
A2, is 
5 


used to change the differential 
output signal of the ISO 130 
to a single ended signal. This voltage information 
is then 
sent to the control 
circuitry 
of the motor. The ISO 130 is 
particularly 
well suited for this application 
because 
of its 
superior Transient 
Immunity 
(lOkV/lIS. max) and its excel- 
lent immunity 
to RF noise. 
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valU,"UIreSIsranCe tW ffilillIllize power dIssIpation), 
a fairly 
low inductance 
(to accurately 
reflect high-frequency 
signal 
components), 
and a reasonably 
tight tolerance 
(to maintain 
overall circuit accuracy). 


LAYOUT 
SUGGESTIONS 


I. Bypass capacitors 
should be located as close as possible 
to the input and output power supply pins. 


2. In some applications, 
offset voltage can be reduced 
by 
placing 
a 0.01~ 
capacitor 
from pin 2 and/or pin 3 to 
GND,. This noise can be caused by the combination 
of 
long input leads and the switched-capacitor 
nature of the 
input circuit. This capacitor(s) 
should be placed as close 
to the isolation 
amplifier 
as possible. 


3. The trace lengths at input should be kept short or a twisted 
wire pair should be used to minimize EMI and inductance 
effects. For optimum performance, 
the input signal should 
be as close to the input pins a possible. 


4. A maximum distance between the input and output sides 
of the isolation 
amplifier 
should 
be maintained 
in the 
layout in order to minimize stray capacitance. 
This prac- 
tice will help obtain optimal Isolation Mode performance. 
Ground planes should not pass below the device on the 
PCB. 


5. Care should be taken in selecting isolated power supplies 
or regulators. 
The ISO 130 can be affected by changes in 
the power 
supply 
voltages. 
Carefully 
regulated 
power 
supplies are recommended. 


6. For improved 
nonEnearity 
and nonEnearity 
temperature 
drift performance, 
pin 3 should be tied to GND, and the 
input voltage range of pin 2 should be less than 100mV. 
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Dual, Isolated, Bi-Directional 
DIGITAL COUPLER 


• 
REPLACES 
HIGH-PERFORMANCE 


OPTOCOUPLERS 


• 
DATA RATE: 80M Baud, typ 


• 
LOW POWER 
CONSUMPTION: 
25mW Per Channel, 
max 


• 
TWO CHANNELS, 
EACH BI·DIRECTIONAL, 


PROGRAMMABLE 
BY USER 


• 
PARTIAL 
DISCHARGE 
TESTED: 
2400Vrms 


• 
CREEPAGE 
DISTANCE 
OF 16.5mm 
(DIP) 


• 
LOW COST PER CHANNEL 


• 
PLASTIC 
DIP AND SOIC PACKAGES 


The IS0150 
is a two-channel, 
galvanically 
isolated 
data coupler capable of data rates of 80MBaud, 
typi- 


cal. Each channel can be individually 
programmed 
to 
transmit data in either direction. 


Data 
is transmitted 
across 
the isolation 
barrier 
by 
coupling complementary 
pulses through high voltage 
OApF capacitors. Receiver circuitry restores the pulses 
to standard 
logic levels. Differential 
signal transmis- 


sion rejects 
isolation-mode 
voltage 
transients 
up to 
1.6kV//lS. 


• 
DIGITAL 
ISOLATION 
FOR AlD, D/A 
CONVERSION 


• 
ISOLATED 
UART INTERFACE 


• 
MULTIPLEXED 
DATA TRANSMISSION 


• 
ISOLATED 
PARALLEL 
TO SERIAL 


INTERFACE 


• 
TEST EQUIPMENT 


• 
MICROPROCESSOR 
SYSTEM 
INTERFACE 


• 
ISOLATED 
LINE RECEIVER 


• 
GROUND 
LOOP ELIMINATION 


IS0150 
avoids the problems 
commonly 
associated 
with optocouplers. 
Optically isolated couplers require 
high current pulses and allowance 
must be made for 
LED aging. The IS0150's 
Bi-CMOS 
circuitry oper- 
ates at 25mW per channel. 


ISOl50 
is available in a 24-pin DIP package and in a 


28-lead SOle. 
Both are specified for operation from 


-40'C 
to 85·C. 
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SPECIFICATIONS 


IS0150AP, 
AU 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
PARAMETERS 


Rated Voltage, Continuous 
60Hz 
1500 
Vrms 


Partial Discharge, 
100"10 
Tes~l) 
1s,5pC 
2400 
Vrms 
Creepage 
Distance (Extemal) 


DIP-"P" 
Package 
16 
mm 


SOIe-"U" 
Package 
7.2 
mm 
Internal Isolation Distance 
j' 
0.10 
mm 
Isolation Vottage Transient 
Immunity(2j 
1.6 
kV/llS 


Barrier Impedance 
>101411 
7 
nil pF 
Leakage Current 
240Vrms, 
60Hz 
0.6 
IJArms 


DC PARAMETERS 
Logic Output Voltage, High, VOl< 
101<=6mA 
Vs-l 
Vs 
V 
low, VOL 
10L= 6mA 
0 
0.4 
V 
Logic Output Shor1-Circuit Current 
Source or Sink 
30 
- 
mA 
Logic Input Voltage, Highl') 
2 
Vs 
V 
LoW<3l 
0 
0.8 
V 


Logic Input Capacitance 
5 
pF 
Logic Input Current 
<1 
nA 
Power Supply Voltage Rangel') 
3 
5 
. 
5.5 
V 
Power Supply Current(4) 
Transmit 
Mode 
DC 
0.001 
100 
~A 
50MBaud 
14 
mA 
Receive Mode 
DC 
7.2 
10 
mA 
50MBaud 
16 
mA 


AC PARAMETERS 
Data Rate, Maximum(5) 
CL·50pF 
50 
80 
MBaud 
Data Rate. Minimum 
DC 
- 


Propagation 
Time(6) 
- 
CL = 50pF 
20 
27 
40 
ns 


Propagation 
Delay Skew<7l 
CL = 50pF 
0.5 
2 
ns 


Pulse Width Distortion(8) 
CL• 
SOpF 
1.5 
6 
ns 


OutpU1 RiselFali Time, 
10"1. to 90"10 
- 
CL• 
SOpF 
9 
14 
ns 


Mode Switching 
Time 
.... 


Receive-la-Transmit 
13 
ns 
Transmit-la-Receive 
75 
ns 


TEMPERATURE 
RANGE 


Operating 
Range 
-40 
85 
'C 
Storage 
-40 
125 
'C 


Thermal 
Resislance,6JA 
75 
'CNoI 


NOTES: 
(1) All devices receive a 1s test. Failure criterion is ::::5pulses of ~pC. 
(2) The voltage rate-ot-change 
across the isolation barrier that can be sustained 
without data errors. 
(3) Logic inputs are HCT-type and thresholds 
are a function of power supply voltage with approximately 
O.4V hystersis-see 
text. 
(4) Supply 
current measured with both tranceivers set for the indicated mode. Supply current varies with data rate-see 
typical curves. 
(5) Calculated from the maximum Pulse 


Width Distortion (PWD). where Data Rate"" O.3/PWD. (6) Propagation time measured from V1N:EO 
1.5V to Vo"" 2.5V. (7) The difference in propagation 
time of channel 
A and channel B in any combination 
of transmission 
directions. 
(8) The difference 
between progagation 
time of a rising edge and a falling edge. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURA-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR· BROWN product for use in life support devices and/or systems. 
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Storage Temperature 
-40°C 
to + 125°C 
Supply Voltages, Vs 
. 
-j).5 to 6V 
Transmitter 
Input Voltage, 
VI 
. ~.5 to Vs + O.5V 


Receiver Oulpul Vo~age, Vo. 
.. -j).5 to Vs + 0.5V 


Rifx Inputs 
. 
-j).5 to Vs + 0.5V 


Isolation Voltage dVldt, V,SO 
500kVIllS 
Dx Short to Ground 
. 
Continuous 
Junction Temperature, 
TJ . 
. 
175·e 


Lead Temperature 
(soldering, 
10s) 
260·e 
1.6mm below seating plane (DIP package) 
300·e 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


IS0150AP 
24-Pin Single-Wide 
DIP 
243-1 


IS0150AU 
28-Lead sOle 
217-2 


G. 
10 


Rif,. 11 


Data in or data out for transceiver 
1A. Rrr 1A held 
low makes 
D1A an input pin. 


ReceivelTransmit 
swttch controlling transceiver 
1A. 


+5V 
supply 
pin for side 
A which 
powers 
transceivers 


lA and 2A. 


Ground pin for transceivers 
18 and 28. 


ReceivelTransmit 
switch controlling transceiver 
18. 


Data in or data out for transceiver 
18. Rrr 18 held 
low makes 
D18 an input pin. 


Data in or data out for transceiver 
28. Rrr 28 held 


low makes 
D28 an input pin. 


ReceivelTransmit 
switch controlling D28. 


+5V 
supply 
pin for side 
8 
which 
powers 
transceivers 


lB and 28. 


G" 
Ground pin for transceivers 
1A and 2A. 


Rtf 2A 
ReceivelTransmit 
switch controlling transceiver 
2A. 


D2A 
Data in or data out for transceiver 
2A. Rrr 2A held 


low makes 
D2A,in input pin. 


17 
Vs• 


16 Rtf,. 


15 
D2B 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes could cause the device not to meet its 


published 
specifications. 
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CL = 15pF 


f .1MHz. 
2MBaud 


~eceive 
Mode 
/' 


Transmil Mode 
.... - 


3 
4 


Supply Voltage, Vs (V) 


;{.s 


<= 
4 
~ 
() 
>. 
3 
c. 
0-" 
(/) 


2 


~ 
V 
/' 
Vs= 5.0V 


......... 
- 


I-- 
-~ 
-I--- 


Vs=3.0V 
- 


1 
~O 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


Temperature 
(0G) 


1.6 


1.5 


1.4 
- 
1.3 
li~ 1.2 
a;a: 


1.1 


1.0 


.9 


~~ 
~ 
0 
m 
~ 
W 
W 
100 
1m 
1~ 


Temperalure 
(0G) 


No Load II 
I 
I--One C~annel 


I 


I 
!J 


I 
/ 
_NOTE: 


Baud Rate = 2 • Frequency 
V 


'/ 
I 
/ 
- 
t-Receive 
/ 


I'ar~it 
-H111 


200 
300 


Capacitive Load (pF) 


g 
~ 
~ 
35 


<=.2 
1ii 30I 
Q. 
25 


3.5 
4.0 
4.5 


Supply Voltage, Vs (V) 
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100m 


10m 
'"~ 
1m 


co 
~ 
100~ 
u 
'" 
C> 
~ 
10~ 


'"--' 


1~ 


100n 


PROPAGATION 
DELAYvs 
TEMPERATURE 


eL: 
50pF 
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~ 
50 


J. 
40 
~ 


~ 
30 


coo 


~ 
20 
~e 
0- 


20 
40 
60 
80 
100 
120 
140 


Temperature 
(Oe) 


2.0 


1.8 


1.6 


1.4 


'> 1.2 
--; 
1.0 
,,- 
0.8 


0.6 


0.4 


0.2 
o 
2.0 


IVT H'GH 


1 


, 
125°e 
-"""" 


-"" 


,."... 


.,.....,.. 
.-' 


...•~ 


~ 
VT lOW' -40°C 


2.5 
3.0 
3.5 
4.0 
4.5 
5.0 


Supply Vohage, V50 (V) 


V, 
: 1500Vrms 


V,so = 240Vrm~== 


100 
lk 
10k 


Frequency (Hz) 


I 
A 
/ 
f-- 


Vs = 5.0V 
/ 


-eL=50pF 
./ 
...- 
f- 


: 
I-- 
, 


, 
T-+J- 
- 
I 
o 


-l30 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


Temperature 
(Oe) 


- 


. 


-- 


1.0 


VIN(V) 


10k 


2.1k 
~ 
1k 
'" 
C>~ 
0> 
co 
100 
.2 
1ii 
~~ 
10 
'" 
0- 


- 
-Max 
- 
Rating 
III 
I 


, 'Oeg:adec 


Perlormance 


lOOk 
1M 


Frequency (Hz) 


-- 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 


1010 
o 
20 
40 
60 
80 
100 
120 
140 
160 
180 


Temperature 
(0C) 


Data is transmitted 
by coupling complementary 
logic pulses 
to the receiver through two O.4pF capacitors. 
These capaci- 
tors are built into the IS0150 
package with Faraday shield- 
ing to guard against false triggering by external electrostatic 
fields. 


The 
integrity 
of the 
isolation 
barrier 
of the 
ISO 150 is 
verified 
by partial 
discharge 
testing. 
2400V rIllS, 60Hz, 
is 
applied across the barrier for one second while measuring 
any tiny 
discharge 
currents 
that 
may 
flow 
through 
the 
barrier. 
These 
current 
pulses 
are produced 
by localized 
ionization 
within the barrier. This is the most sensitive and 
reliable indicator of barrier integrity and longevity, and does 
not damage the barrier. A device fails the test if five or more 
current pulses of 5pC or greater are detected. 


Conventional 
isolation barrier testing applies test voltage far 
in excess of the rated voltage to catastrophically 
break down 
a marginal 
device. 
A device 
that passes 
the test may be 
weakened, 
and lead to premature 
failure. 


Figure 
1 shows the ISO 150 connected 
for basic operation. 
Channel 
1 is configured 
to transmit data from side B to A. 


Channel 2 is set for transmission 
from side A to B. The R!f 
pins for each of the four transceivers are shown connected to 
the required logic level for the transmission 
direction shown. 


The transmission 
direction can be controlled by logic signals 
applied to the Rtf pins. Channel 
1 and 2 can be indepen- 


dently controlled 
for the desired transmission 
direction. 


NOTES: (1) Power Supplies and grounds on 
side A and side B are isolated. (2) Recommended 
bypass: 0.11'F in parallel wrth 1nF. 
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LOGIC LEVELS 


A single pin serves as a data input or output, depending 
on 
the mode selected. Logic inputs are CMOS with thresholds 
set for TIL 
compatibility. 
The logic threshold 
is approxi- 
mately I.3V with 5V supplies and with approximately 400m V 
of hysteresis. 
Input logic thresholds 
vary with the power 
supply voltage. Drive the logic inputs with signals that swing 
the full logic voltage swing. The ISOl50 
will use somewhat 
greater quiescent current if logic inputs do not swing within 
0.5V of the power supply rails. 


In receive 
mode, 
the data output 
can drive 
15 standard 
LS-TIL 
loads. It will also drive CMOS loads. The output 
drive circuits are CMOS. 


POWER 
SUPPLY 


Separate, isolated power supplies must be connected to side 
A and side B to provide galvanic 
isolation. 
Nominal 
rated 
supply voltage is 5V. Operation 
extends from 3V to 5.5V. 
Power supplies should be bypassed close to the device pins 
on both sides of the isolation barrier. 


The Vs pin for each side powers the transceivers 
for both 
channel I and 2. The specified supply current is the total of 
both transceivers 
on one side, both operating in the indicated 
mode. Supply current for one transceiver 
in transmit mode 
and one in receive mode can be estimated by averaging the 
specifications 
for transmit 
and receive 
operation. 
Supply 
current 
varies with the data transmission 
rate-see 
typical 
curves. 


POWER-UP 
STATE 


The ISO 150 transmits 
information 
across the barrier only 
when 
the 
input-side 
data 
changes 
logic 
state. 
When 
a 
transceiver 
is first programmed 
for receive 
mode, 
or is 
powered-up 
in receive mode, its output is initialized 
"high". 
Subsequent 
changes 
of data applied 
to the input side will 
cause the output to properly 
reflect the input side data. 


SIGNAL 
LOSS 


The 
ISOl50's 
differential-mode 
signal 
transmiSSIon 
and 
careful receiver 
design make it highly immune 
to voltage 
across the isolation barrier (isolation-mode 
voltage). Rapidly 
changing 
isolation-mode 
voltage can cause data errors. As 
the rate of change of isolation voltage is increased, 
there is 
a very sudden increase in data errors. Approximately 
50% of 
ISOl50s 
will begin to produce 
data errors with isolation- 


mode 
transients 
of 1.6kV/J.lS. This may occur 
as low as 
500V IJ.lSin some devices. In comparison, 
a IOOOVrms, 60Hz 
isolation-mode 
voltage has a rate of change of approximately 
0.5V/J.lS. 


Still, some 
applications 
with large, 
noisy 
isolation-mode 
voltage 
can produce 
data errors 
by causing 
the receiver 
output to change states. After a data error, subsequent changes 
in input data will produce correct output data. 
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Quiescent 
current of each transceiver 
circuit is very low in 
transmit 
mode 
when 
input 
data 
is not 
changing 
(InA 
typical). To conserve 
power when data transmission 
is not 
required, 
program 
both 
side 
A and 
B transceivers fO_ 


transmit 
mode. Input data applied 
to either transceiver 
is 
ignored by the other side. High speed data applied to either 
transceiver 
will increase 
quiescent 
current. 
C/)t-O 
::::) 
Coa: 
Q. 
Zo 
!cc 
..Jo 
C/)- 


PROPAGATION 
DELAY AND SKEW 


Logic transitions 
are delayed 
approximately 
27ns through 
the ISOI50. 
Some applications 
are sensitive to data skew- 
the difference 
in propagation 
delay between channel 
I and 
channel 
2. Skew is less than 2ns between 
channel 
I and 
channel 2. Applications 
using more than one ISOl50 
must 
allow for somewhat 
greater 
skew from device 
to device. 


Since all devices are tested for delay times of 20ns min to 
40ns max, 20ns is the largest device-to-device 
data skew. 


MODE CHANGES 


The transmission 
direction of a channel can be changed "on 
the fly" by reversing 
the logic levels at the channel's 
Rtf 
pins on both side A and side B. Approximately 
75ns after the 
transceiver 
is programmed 
to receive 
mode its output 
is 
initialized "high", and will respond to subsequent 
input-side 
changes in data. 


The 
high 
speed 
of the ISO 150 and its isolation 
barrier 
require 
careful 
circuit 
layout. 
Use good high speed logic 
layout techniques 
for the input and output data lines. Power 
supplies should be bypassed close to the device pins on both 
sides of the isolation 
barrier. Use low inductance 
connec- 
tions. Ground planes are recommended. 


Maintain 
spacing between side I and side 2 circuitry equal 
or greater than the spacing between the missing pins of the 
ISOl50 
(approximately 
16mm for the DIP version). Sockets 


are not recommended. 
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I 


:!l 
Cl 


~ 
mi 
~ 


z• 
Cii 
t:tl 
0 
!::: 
lJ> 
+5V 
... 
0 
VCC1 
";' 
., 


t:tl 
:l 
Cl 


0- 
Hl 
33.2n 
U2 
~ 
~ 
AD57807 
14 
SER 
Q 
;:s 
V> 
•.... 
-..l 


VOIG 
Q 
(] 
00 
R11N 
0 
0 


-..l 
lOon 
VANA 
27 
11 
Q 
R21N 
SRCLK 
I:l 
'" 


V,N 
S 
s,:: 
AGNO, 
BUSY 
loon 
10 
SRCLR 
Q 


t:tl 
C1l 
Vcc, 


RlC 
0 
0- 
4 
CAP 
C 
0 
0 
r 
~ 
~+2.2~F 
BYTE 
12 
RCLK 


C1l 
t-< 
0- 
DO 
17 
13 
G 
Q 


5" 
c 
(") 
lMn 
150150 
'" 


C1l 
REF 
01 
16 
I:l 
n 
50kn 
JLt 
C 
... 
1:;' 
50kn 
02 
15 
'"1:l 
(") 
+2.2~F 
C 
Cl 
S· 
6 
AGNO, 
03 
13 
74LS595 
~ 
Z 
04 
12 
+5V 
High Byte E 
0 
SB/BTC 


'" 
<;;. 
VCCl 
t;j 
C1l 


EXT/INT 
05 
11 
Low Byte EI 


:i"., 
25 
PWRO 
06 
10 
s: 
26 
REFO 
07 
,,' 
8- 


23 
CS 
OGNO 
14 


V> 
lOon 
0'<;' 
20 
TAG 
SOATA 
19 
:l 
150150 
~ 
SCLK 
18 


:> 


"0 
lOon 
"0~ 
(")., 


Vec1 = VCC2• 
+5V 
+5V 
::to 
0 
Isolated Supplies 
Vec1 
p 


74LS595 
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Precision, Isolated 
PROGRAMMABLE GAIN AMPLIFIER 


• 
RATED 
1500Vrms 
Continuous 
2500Vrms 
for One Minute 
100% TESTED 
FOR PARTIAL 
DISCHARGE 


• 
PROGRAMMABLE 
GAINS OF 


1,10,100 


• 
HIGH IMR: 115dB at 50Hz 


• 
LOW NONLINEARITY: 
±O.01% 


• 
LOW INPUT BIAS CURRENT: 
±5nA max 


• 
INPUTS PROTECTED 
TO ±40V 


• 
BIPOLAR 
OPERATION: 
Vo = ±10V 


• 
SYNCHRONIZATION 
CAPABILITY 


• 
24-PIN PLASTIC 
DIP: 
0.6" Wide 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Transducer 
Isolator, 
Thermocouple 
Isolator, 
RTD Isolator, 
Pressure 
Bridge 
Isolator, 
Flow Meter Isolator 


• 
POWER MONITORING 


• 
MEDICAL 
INSTRUMENTATION 


• 
ANAL VTICAL 
MEASUREMENTS 


• 
BIOMEDICAL 
MEASUREMENTS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
POWER MONITORING 


• 
GROUND 
LOOP ELIMINATION 


ISOl64 
and ISOl74 
are PGA input isolation amplifi- 
ers incorporating 
a novel duty cycle modulation-de- 
modulation 
technique 
which provides excellent accu- 
racy. Internal 
input protection 
can withstand 
up to 


±40V differential inputs without damage. The signal is 
transmitted 
digitally 
across 
a differential 
capacitive 
barrier. With digital modulation 
the barrier character- 
istics do not affect 
signal integrity. 
This results 
in 
excellent reliability and good high frequency transient 
immunity 
across the barrier. Both the amplifier 
and 
barrier capacitors are housed in a plastic DIP. ISOI64 
and ISOl74 
differ in frequency response and linearity. 


These amplifiers 
are easy to use. No external compo- 
nents are required. A power supply range of ±4.5V to 
± l8V makes these amplifiers ideal for a wide range of 
applications. 


BURR-BROWNe 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


SPECIFICATIONS 


IS0164P 
IS0174P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ISOLATIONI') 
Voltage Rated Continuous: 
AC 
TM1N to TMAX 
1500 
1500 
Vrms 


100% Test (AC 50Hz) 
1s; Partial Discharge S 5pC 
2500 
2500 
Vrms 


Isolation-Mode 
Rejection 
AC 50Hz 
1500Vrms 
115 
115 
dB 


Barrier Impedance 
10"1110 
10"1110 
illl pF 
Leakage Current 
visa. 240Vrms, 50Hz 
0.8 
1 
0.8 
1 
JlArms 


GAIN 
I 


Gain Error 
G = 1 
±0.3 
±0.3 
% 


G= 
10 
±0.06 
±O.06 
G= 100 
±0.3 
±0.3 
% 


Gain vs Temperature 
G=l 
±12.5 
±42.5 
ppml"C 
~ 


G = 10 
±12.5 
±42.5 
ppml"C 
••••• 


G = 100 
±12.5 
±42.5 
ppml"C 
,... 


Nonlinearity 
G=l 
±0.01 
±0.052 
±O.04 
±0.102 
% 
~ 
G = 10 
±0.01 
±O.04 
% 
<D 


G = 100 
±0.01 
±0.054 
±O.04 
±0.104 
% 
,... 


INPUT OFFSET VOLTAGE 


( 
51 
±(0.125+ 
1~1) 
0 
Initial Offset 
± 
0.125+(; 
mV 
C/) 


vs Temperature 
G = 1 
±155 
±505 
~Vf'C 
vs Supply 
DC,G= 
1 
2 
2 
mVN 


CMRR 
I 
DC,G= 
1 
90 
90 
dB 


INPUT 
Voltage Range 
±10.0 
±10.0 
V 


Bias Current 
±5 
±5 
nA 
C/) 


vs Temperature 
±8 
±8 
pAi"C 
~ 


Offset Current 
±5 
±5 
nA 
0 


YS Temperature 
±8 
±8 
pAi"C 
::::) 
OUTPUT 
.. 
C 
Voltage Range 
±10 
±10 
V 
0 
Current Drive 
±5 
±5 
mA 
Capacitive 
Load Drive 
0.1 
0.1 
~F 
a: 
Ripple Voltage 
10 
10 
mVp-p 
a. 


FREQUENCY 
RESPONSE 
Z 
Small Signal Bandwidth 
1OOmVrms, 
G '" 1 
6 
60 
kHz 


1OOmVrms, G = 10 
6 
60 
kHz 
0 


100mVrms, G = 100 
6 
10 
kHz 


~ 


Slew Rate 
Vo=±10V.G=10 
0.7 
0.7 
V/llS 


POWER SUPPLIES 
..J 


Rated Voltage 
15 
15 
V 
0 
Voltage Range 
±4.5 
±18 
±4.5 
±18 
V 
Quiescent Current 
~ 
Vs, 
±15 
±15 
mA 


V", 
±7.5 
±7.5 
mA 


TEMPERATURE 
RANGE 


Operating 
-40 
85 
-40 
85 
°C 
Storage 
-40 
125 
-40 
125 
°C 


Tho information provided herein is believed 
10 be reliable; howev~r, BUAR·BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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V1N• Analog Input Voltage Range 
±40V 
External Oscillator Input 
±25V 
Signal Common 1 to Ground 1 
±lV 
Signal Common 2 to Ground 2 
±lV 
Continuous 
Isolation Voltage 
1500Vrms 
IMV, dv/dt 
20kV/llS 
Junction Temperature 
150°C 
Storage Temperature 
-40°C to 125°C 
Lead Temperature 
(soldering. 
105) 
+300°C 
Output Short Duration. 
. 
Continuous to Common 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated 
circuits 
may be more 
susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


Q) 
2.1k 


~ 
lk 
;!; 
"o~~ 
~ 
100 
~ 


VS1+ 
24 
A1 


AO 
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PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


IS0164P 
24-Pin Plastic DIP 
167-1 
IS0174P 
24-Pin Plastic DIP 
167-1 


MODEL 
PACKAGE 
BANDWIDTH 


IS0164P 
24-Pin Plastic DIP 
6kHz 


IS0174P 
24·Pin Plastic DIP 
60kHz 
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BASIC OPERATION 


ISOI64 
and IS0174 
are comprised 
of a precision program- 
mable gain amplifier followed by an isolation anlplifier. The 
input and output isolation sections are galvanically 
isolated 
by matched and EMI shielded capacitors. 


SIGNAL AND POWER CONNECTIONS 


Figure 
I shows power and signal connections. 
Each power 
supply pin should be bypassed with a IIJF tantalum capaci- 
tor located as close to the amplifier as possible. All ground 
connections 
should 
be run independently 
to a common 


point. Signal Common 
on both input and output 
sections 
provide a high-impedance 
point for sensing signal ground in 
noisy applications. 
Com I and Com 2 must have a path to 
ground 
for bias current 
return 
and should 
be maintained 
within ±IV of GND I and GND 2 respectively. 


INPUT COMMON-MODE 
RANGE 


The linear common-mode 
range of the input circuitry of the 
ISOI64/174 
is approximately 
±12.7V 
(or 2.3V from the 
power supplies). 
As the output voltage increases, 
however, 


the linear input range will be limited by the output voltage 
swing of the internal amplifiers. 
Thus, the linear common- 
mode range is related to the output voltage of the complete 
input amplifier-see 
performance 
curves "Input Common- 


Mode Range vs Output Voltage." 


A combination 
of common-mode 
and differential 
input 
voltage can cause the output voltage of the internal amplifi- 
ers to saturate. For applications 
where input common-mode 
range must be maximized, 
limit the output voltage swing by 
selecting a lower gain of the programmable-gain 
input. 


Input-overload 
can produce an output voltage that appears 
normal. For example, an input voltage of +20V on one input 
and +40V on the other input will obviously exceed the linear 
common-mode 
range of both input amplifiers. 
Since both 
input amplifiers 
are saturated 
to nearly 
the same output 
voltage limit, the difference voltage measured by the output 
amplifier will be near zero. The output of the programmable- 
gain amplifier will be near OV even though both inputs are 
overloaded. 


INPUT PROTECTION 


The inputs of the programmable-gain 
amplifiers 
are indi- 
vidually protected 
for voltages up to ±40V. For example, 
a 
condition of -40V on one input and +40V on the other input 
will not cause 
damage. 
Internal 
circuitry 
on each 
input 
provides 
low series impedance 
under normal signal condi- 
tions. To provide equivalent protection, series input resistors 
would contribute excessive noise. If the input is overloaded, 
the protection 
circuitry 
limits the input current 
to a safe 
value (approximately 
1.5mA). The inputs are protected even 
if no power supply is present. 


SYNCHRONIZED 
OPERATION 
• 


ISOI64 
and IS0174 
can be synchronized 
to an external 
signal source. This capability is useful in eliminating trouble- 
some beat frequencies 
in multichannel 
systems and in reject- 
ing AC signals and their harmonics. 
To use this feature, an 
external signal must be applied to the Ext Osc pin. ISO 164 
can be synchronized 
over the 100kHz to 200kHz range and 
IS0174 
can be synchronized 
over the 400kHz 
to 700kHz 


range. 
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directly with a ±3V to ±5V sine or 25% to 75% duty-cycle 
triangle 
wave 
and the ISO amp's 
internal 
modulator/de- 
modulator 
circuitry will synchronize 
to the signal. 


IS0174 
can also be synchronized 
to a 400kHz 
to 700kHz 
Square-Wave 
External 
Clock since an internal 
clamp and 
filter provide signal conditioning. 
A square-wave 
signal of 
25% to 75% duty cycle, and ±3V to ±20V level can be used 
to directly drive the IS0174. 


With the addition of the signal conditioning 
circuit shown in 
Figure 2, any 10% to 90% duty-cycle 
square-wave 
signal 
can be used to drive the ISOI64 
and IS0174 
Ext Osc pin. 


With 
the values 
shown, 
the circuit 
can be driven 
by a 
4Vp-p 
TIL 
signal. 
For a higher 
or lower voltage 
input, 


increase 
or decrease 
the lill 
resistor, 
Rx, proportionally, 
e.g., for a ±4V square-wave 
(8Vp-p) Rx should be increased 
to 2kQ. The value of Cx used in the Figure 2 circuit depends 
on the frequency 
of the external clock signal. Cx should be 
30pF for IS0174 
and 680pF for ISOl64. 


l~F 
Ax 
o----j 


Sq WaveIn 
Hill 


Triangle Out 
10150164/174 
Ext Osc 


FIGURE 
2. Square-Wave 
to Triangle Wave Signal Condi- 
tioner for Driving ISO 1641174 Ext Osc Pin. 


CARRIER 
FREQUENCY 
CONSIDERATIONS 


IS0164 
and IS0174 
amplifiers transmit the signal across the 
ISO-barrier 
by a duty-cycle 
modulation 
technique. 
This 
system 
works 
like any linear 
amplifier 
for input 
signals 
having frequencies 
below one half the carrier frequency, 
fe. 


For signal frequencies 
above fel2, the behavior 
becomes 
more complex. The "Signal Response vs Carrier Frequency" 
performance 
curve describes this behavior graphically. 
The 
upper curve illustrates the response for input signals varying 
from DC to fd2. At input frequencies 
at or above fd2, the 
device generates 
an output signal component 
that varies in 
both amplitude and frequency, as shown by the lower curve. 
The lower horizontal 
scale shows the periodic variation 
in 
the frequency 
of the output 
component. 
Note that at the 
carrier frequency 
and its harmonics, both the frequency 
and 
amplitude 
of the response go to zero. These characteristics 
can be exploited 
in certain applications. 


It should be noted that for the ISO 174, the carrier frequency 
is nominally 500kHz and the -3dB point of the amplifier is 
60kHz. 
Spurious 
signals 
at the output 
are not significant 


For the ISO 164, the carrier frequency 
is nominally 
110kHz 


and the -3dB 
point of the amplifier 
is 6kHz. 


When periodic noise from external sources such as system 
clocks and DCIDC converters 
are a problem, 
ISOl64 
and 
ISO 174 can be used to reject this noise. The amplifier can be 
synchronized 
to an external frequency 
source, fEXT' placing 
the amplifier 
response 
curve at one of the frequency 
and 
amplitude nulls indicated in the "Signal Response vs Carrier 
Frequency" 
performance 
curve. 
Figure 
3 shows 
circuitry 
with opto-isolation 
suitable 
for driving 
the Ext Osc input 
from TIL 
levels. 


c,f- 


ExtOse 
Pin 21 
1501641174 


6N136 
C, = (140E-6) 
_ 350pF 


fiN 
e2 :: 10 X C" with a minimum 
1OnF 


FIGURE 3. Synchronization 
with Isolated Drive Circuit for 
ExtOsc 
Pin. 


ISOLATION 
MODE VOLTAGE 


Isolation 
Mode 
Voltage 
(IMV) 
is the voltage 
appearing 
between isolated grounds GND 1 and GND 2. The IMV can 
induce errors at the output as indicated by the plots of IMV 
vs Frequency. 
It should be noted that if the IMV frequency 
exceeds fd2, the output will display spurious 
outputs in a 
manner 
similar to that described 
above, and the amplifier 
response 
will be identical 
to that shown 
in the "Signal 
Response 
vs Carrier 
Frequency" 
performance 
curve. This 
occurs 
because 
IMV -induced 
errors 
behave 
like 
input- 
referred error signals. To predict the total IMR, divide the 
isolation voltage by the IMR shown in "IMR vs Frequency" 
performance 
curve and compute 
the amplifier 
response 
to 
this input-referred 
error signal from the data given in the 


"Signal Response vs Carrier Frequency" 
performance 
curve. 


Due to effects of very high-frequency 
signals, typical IMV 
performance 
can 
be achieved 
only 
when 
dV/dT 
of the 
isolation 
mode voltage 
falls below 
1000V/IlS. For conve- 
nience, 
this is plotted 
in the typical 
performance 
curves 
for the ISO 164 and ISO 174 as a function 
of voltage 
and 
frequency 
for sinusoidal 
voltages. 
When 
dV/dT 
exceeds 
lOOOV/1lSbut falls below 
20kV/IlS, performance 
may be 
degraded. 
At rates of change above 20kV /1lS, the amplifier 
may be damaged, 
but the barrier retains 
its full integrity. 
Lowering 
the power 
supply 
voltages 
below 
±15V 
may 
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QV/Ql 
or LUl(V/~ 
remams 
un~llallgeu. 


Leakage 
current is determined 
solely by the impedance 
of 
the barrier capacitance 
and is plotted in the "Isolation Leak- 
age Current vs Frequency" 
curve. 


ISOLATION 
VOLTAGE 
RATINGS 


Because 
a long-term 
test is impractical 
in a manufacturing 
situation, 
the generally 
accepted 
practice 
is to perform 
a 
production 
test at a higher voltage for some shorter time. 
The relationship between actual test voltage and the continu- 
ous derated maximum 
specification 
is an important 
one. 


Historically, 
Burr-Brown 
has chosen a deliberately 
conser- 
vative 
one: VTEST = (2 X ACrms 
continuous 
rating) 
+ 
1000V for 10 seconds, 
followed 
by a test at rated ACrms 
voltage 
for one minute. 
This choice 
was appropriate 
for 
conditions 
where system transients 
are not well defined. 


Recent 
improvements 
in high-voltage 
stress testing 
have 
produced a more meaningful 
test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 
apply this new technology 
in the manufacture 
and testing of 
the ISOI64 
and IS0174. 


Partial Discharge 


When an insulation 
defect such as a void occurs within an 
insulation system, the defect will display localized corona or 
ionization 
during exposure to high-voltage 
stress. This ion- 
ization 
requires 
a higher 
applied 
voltage 
to 
start 
the 
discharge 
and lower voltage to maintain it or extinguish 
it 
once 
started. 
The 
higher 
start 
voltage 
is known 
as the 
inception 
voltage, while the extinction 
voltage is that level 
of voltage stress at which the discharge 
ceases. Just as the 
total insulation 
system has an inception 
voltage, 
so do the 
individual 
voids. A voltage will build up across a void until 
its inception voltage is reached, at which point the void will 
ionize, effectively 
shorting itself out. This action redistrib- 
utes electrical charge within the dielectric 
and is known as 
partial 
discharge. 
If, as is the case with AC, the applied 
voltage gradient across the device continues to rise, another 
partial 
discharge 
cycle 
begins. 
The 
importance 
of this 
phenomenon 
is that, if the discharge 
does not occur, the 
insulation 
system retains its integrity. 
If the discharge 
be- 
gins, and is allowed to continue, the action of the ions and 
electrons 
within 
the defect 
will 
eventually 
degrade 
any 
organic insulation system in which they occur. The measure- 
ment of partial discharge is still useful in rating the devices 
and providing quality control of the manufacturing 
process. 


Ulal 
LiIC llU:::U:')UlCHll;;UlUJ. lUl'U 
I...Udl5C; 
U"lUe; 
H,,,Ul.:)UJ.UU,",,",U 
within the dielectric is a very good indicator of the size of the 
voids and their likelihood 
of becoming 
an incipient failure. 
The bulk inception 
voltage, on the other hand, varies with 
the insulation 
system, and the number of ionization 
defects 
and directly establishes the absolute maximum voltage (tran- 
sient) 
that can be applied 
across 
the test device 
before 
destructive 
partial discharge can begin. Measuring 
the bulk 
extinction voltage provides a lower, more conservative 
volt- 
age 
from 
which 
to derive 
a safe 
continuous 
rating. 
In 
production, 
measuring 
at a level somewhat 
below the ex- 
pected 
inception 
voltage 
and 
then 
derating 
by a factor 
related 
to expectations 
about 
system 
transients 
is an ac- 
cepted practice. 


Partial Discharge 
Testing 


Not only does this test method provide far more qualitative 
information 
about stress-withstand 
levels than did previous 
stress tests, but it provides quantitative 
measurements 
from 
which quality assurance and control measures can be based. 
Tests similar to this test have been used by some manufac- 
turers, 
such 
as those 
of high-voltage 
power 
diStribUtiOn_ 
equipment, 
for some 
time, 
but they 
employed 
a simple 
measurement 
of RF noise to detect ionization. 
This method 
was not quantitative 
with regard to energy of the discharge, 
and was not sensitive enough for small components 
such as 
isolation 
amplifiers. 
Now, however, 
manufacturers 
of HV 
test equipment 
have developed 
means 
to quantify 
partial 
discharge. 
VDE in Germany, 
an acknowledged 
leader 
in 
high-voltage 
test standards, 
has developed 
a standard 
test 
method 
to apply this powerful 
technique. 
Use of partial 
discharge 
testing is an improved method for measuring 
the 
integrity of an isolation 
barrier. 


To accommodate 
poorly-defined 
transients, 
the part under 
test is exposed to a voltage that is 1.6 times the continuous- 
rated voltage 
and must display 
less than or equal to 5pC 
partial discharge 
level in a 100% production 
test. 


APPLICATIONS 


The ISOI64 
and IS0174 
isolation 
amplifiers 
are used in 
three categories 
of applications: 


• Accurate 
isolation 
of signals 
from high voltage 
ground 
potentials 


• Accurate isolation of signals from severe ground noise and 


• Fault protection 
from high voltages 
in analog 
measure- 
ments 
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IS0165 
IS0175 


Precision, 
Isolated 
INSTRUMENTATION 
AMPLIFIER 


• 
RATED 
1500Vrms 
Continuous 


2500Vrms 
for One Minute 
100% TESTED 
FOR PARTIAL 
DISCHARGE 


• 
HIGH IMR: 115dB at 50Hz 


• 
LOW NONLINEARITY: 
:tQ.01% 


• 
LOW INPUT BIAS CURRENT: 
10nA max 


• 
LOW INPUT OFFSET VOLTAGE: 
101 mV max 


• 
INPUTS PROTECTED 
TO ±40V 


• 
BIPOLAR 
OPERATION: 
Vo = ±10V 


• 
SYNCHRONIZATION 
CAPABILITY 


• 
24-PIN PLASTIC 
DIP: 
0.3" Wide 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Transducer 
Isolator, Thermocouple 
Isolator, 
RTD Isolator, 
Pressure 
Bridge 
Isolator, 
Flow Meter Isolator 


• 
POWER MONITORING 


• 
MEDICAL 
INSTRUMENTATION 


• 
ANALYTICAL 
MEASUREMENTS 


• 
BIOMEDICAL 
MEASUREMENTS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
POWER MONITORING 


• 
GROUND 
LOOP ELIMINATION 


150165 and 150175 
are precision isolated instrumen- 


tation 
amplifiers 
incorporating 
a novel 
duty 
cycle 


modulation-demodulation 
technique and excellent ac- 
curacy. A single external resistor sets the gain. Internal 
input protection 
can withstand 
up to ±40V 
without 


damage. 
The signal is transmitted 
digitally 
across a 


differential capacitive barrier. With digital modulation 
the barrier characteristics 
do not affect signal integrity. 


This 
results 
in excellent 
reliability 
and good 
high 
frequency transient immunity across the barrier. Both 
the amplifier 
and barrier capacitors 
are housed 
in a 


plastic DIP. 150165 
and 150175 
differ in frequency 


response 
and linearity. 


These 
amplifiers 
are easy to use. A power 
supply 


range of ±4.5V to ±18V makes these amplifiers 
ideal 
for a wide range of applications. 
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SPECIFICATIONS 


IS0165P 
IS0175P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ISOLATION(1) 


Voltage 
Rated 
Continuous: 


AC 
TM1N to Tw.x 
1500 
1500 
Vrms 


DC 
TM1N to TMAX 
2121 
2121 
VDC 
100% Test (AC. 50Hz) 
15; Partial Discharge ~ 5pC 
2500 
2500 
Vrms 


Isolation-Mode 
Rejection 
AC 50Hz 
1500Vrms 
115 
115 
dB 
DC 
160 
160 
dB 
Barrier 
Impedance 
1014116 
1014116 
QllpF 
Leakage 
Current 
visa = 240Vrms. 50Hz 
0.8 
1 
0.8 
1 
JlArms 
It) 


GAIN 


1+(~:) 
1+( ~Gk) 


•••••• 


VN 
T'"0 


Gain 
Error 
G = 1 
±0.35 
±0.35 
% 
en 


G= 10 
±0.07 
±O.07 
% 


~ 
G= 100 
±0.95 
±0.95 
% 


Gain 
V$ Temperature 
G = 1 
±11 
±11 
ppmJ"C 
CD 
Nonlinearity 
G = 1 
±0.052 
±0.102 
% 
T'" 


G= 10 
±0.01 
±O.04 
% 
0 
G = 100 
±0.054 
±0.104 
% 


INPUT OFFSET VOLTAGE 
en 


Inltial Offset 
G= 1.100 
±,(0125+~) 
±\0.125+ 
1~1) 
mV 


vs Temperature 
++ 
1~0 
±(1+ 
5~0) 
~VI'C 


vs Supply 
G = 1 
±2 
±2 
mVN 


INPUT 
en 


Voltage Range 
±10 
±10 
V 
I- 


Bias Current 
±10 
±10 
nA 
0 
vs Temperature 
±40 
±40 
pArC 


Offset Current 
±10 
±10 
nA 
;:) 


vs Temperature 
±40 
±40 
pN·C 
C 
OUTPUT 
0 


Voltage 
Range 
±10 
±10 
V 
a: 
Current Drive 
±5 
±5 
mA 
a.. 


Capacitive 
Load Drive 
0.1 
0.1 
~F 


Ripple Voijage 
10 
10 
mVp-p 
Z 
FREQUENCY 
RESPONSE 
0 
Small 
Signal 
Bandwidth 
G=1 
6 
60 
kHz 


!;( 


G .10 
6 
60 
kHz 
G= 100 
6 
50 
kHz 


Slew Rate 
Vo=±10V.G=10 
0.9 
0.9 
VI~ 
-I 


POWER SUPPLIES 
0 
Rated Voltage 
15 
15 
V 
en 


Voltage Range 
±4.5 
±18 
±4.5 
±18 
V 
Quiescent 
Current 


Vs, 
±7.4 
±7.4 
mA 
VS2 
±7.5 
±7.5 
mA 


TEMPERATURE 
RANGE 


Operating 
-40 
85 
-40 
85 
·C 


Storage 
-40 
125 
-40 
125 
·C 
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Supply Voltage 
±18V 
Analog Input Voltage Range 
. ±40V 
External Oscillator Input 
. 
±25V 
Com 1 to GND1 . 
. 
±1V 


Com 2 to GND2 
±1V 
Continuous 
Isolation Voltage: 
1500Vrms 
IMV, dv/dt.. 
. 
. 
20kWIlS 
Junction Temperature. 
. 
150°C 
Storage Temperature 
. 
-400C to +125°C 
Lead Temperature 
(soldering, 
10s). 
. 
+300'C 
Output Short Duration 
Continuous 
to Common 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated circuits 
may be more 
susceptible 
to damage 
because 
very small 


parametric 
changes 
could 
cause 
the device 
not to meet 


published 
specifications. 


15 
VS2• 


14 
Shield 2 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


IS0165P 
24-Pin Plastic DIP 
243-2 


IS0175P 
24-Pin Plastic 01P 
243-2 


MODEL 
PACKAGE 
BANDWIDTH 


IS0165P 
24-Pin Plastic DIP 
6kHz 
IS0175P 
24-Pin Plastic DIP 
60kHz 


The 
information 
provided 
herein 
is believed 
to be reliable: 
however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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BASIC OPERATION 


IS0165 
and IS0175 
instrumentation 
input isolation amplifi- 
ers are comprised 
of a precision 
instrumentation 
amplifier 
followed 
by an isolation 
amplifier. 
The input and output 
isolation sections are galvanically 
isolated and EMI shielded 
by matched capacitors. 


Signal 
and Power 
Connections 
Figure 
I shows power and signal connections. 
Each power 
supply pin should be bypassed with a IIJF tantalum capaci- 
tor located as close to the amplifier as possible. All ground 
connections 
should be run independently 
to a common point 
if possible. 
Signal Common 
on both input and output sec- 
tions provide 
a high-impedance 
point 
for sensing 
signal 


ground in noisy applications. 
Com I and Com 2 must have 
a path 
to ground 
for bias current 
return 
and should 
be 
maintained 
within ±IV of GNDI 
and GND2, respectively. 


SETTING 
THE GAIN 


Gain of the ISOl65 
and IS0175 
is set by connecting a single 
external resistor RG, connected 
between pins 2 and 22. 


G=1+50kQ 
RG 


Commonly 
used gains 
and resistor 
values 
are shown 
in 
Figure 
1. 


The 50kQ term in equation 
(1) comes from the sum of the 
two internal 
feedback 
resistors. 
These on-chip 
metal film 
resistors are laser trimmed to accurate absolute values. The 
accuracy 
and temperature 
coefficient 
of these resistors 
are 
included in the gain accuracy and drift specifications 
of the 
ISOl65 
and IS0175. 


The 
stability 
and temperature 
drift of the external 
gain 
setting resistor 
Ro, also affects gain. RG's contribution 
to 
gain accuracy 
and drift can be directly 
inferred 
from the 


DESIRED 
R. 
NEAREST 1% Ro 
GAIN 
(0) 
(0) 


1 
NC~ll 
Nelll 


2 
SO.OOk 
49.9k 
, 
12.50k 
12.4k 
10 
5.556k 
5.62k 
20 
2.632k 
2.61k 
50 
1.02\1: 
1.02k 
,.. 
505.1 
511 
200 
251.2 
24' 
500 
100.2 
100 
'000 
SO.05 
49.9 
2000 
25.01 
24.9 
6000 
10.00 
1. 
1סס oo 
5.001 
4.99 


The linear voltage range of the input circuitry of the ISO 165 
and IS0175 
are from approximately 
2.5V below the positive 
supply 
voltage 
to 2.5V above 
the negative 
supply. 
As a 
differential 
input voltage causes 
the output 
voltage 
to in- 
crease, however, the linear input range will be limited by the 
output voltage 
swing of the internal 
amplifiers. 
Thus, the 
linear common-mode 
input range is related 
to the output 
voltage of the complete input amplifier. 


This 
behavior 
also depends 
on the supply 
voltage-see 
performance 
curves "Input Common-Mode 
Range vs Out- 


put Voltage." 


Input-overload 
can produce 
an output voltage that appears 
normal. For example, 
if an input overload condition 
drives 
both input amplifiers to their positive output swing limit, the~ 
difference 
voltage measured by the output amplifier will be,,- 


near zero. The output of the IS0165 
and IS0175 
will be near 
OV even though both inputs are overloaded. 
CJ) 
~o 
::)coa: 
Q. 
Zo 


~..Jo 
.vS2 
~ 


gain equation 
(1). Low resistor 
values 
required 
for high 
gain can make wiring resistance 
important. 
Sockets add to 
the wiring resistance 
which will contribute 
additional 
gain 
error (possibly 
an unstable gain error) in gains of approxi- 
mately 
100 or greater. 


The 
inputs 
of the ISOl65 
and IS0175 
are individually 
protected for voltages up to ±40V referenced 
to GND1. For 
example, a condition of -40V on one input and +40V on the 
other input will not cause damage. Internal circuitry on each 
input provides 
low series impedance 
under normal 
signal 
conditions. 
To provide 
equivalent 
protection, 
series input 
resistors 
would contribute 
excessive 
noise. If the input is 
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SYNCHRONIZED 
OPERATION 


IS0165 
and IS0175 
can be synchronized 
to an external 


signal source. This capability is useful in eliminating trouble- 
some beat frequencies 
in multichannel 
systems and in reject- 
ing AC signals and their harmonics. 
To use this feature, an 
external signal must be applied to the Ext Osc pin. ISOl65 
can be synchronized 
over the 100kHz to 200kHz range and 
IS0175 
can be synchronized 
over the 400kHz 
to 700kHz 
range. 


The ideal external clock signal for the ISOl65 
and IS0175 


is a ±4V sine wave or ±4V, 50% duty-cycle 
triangle wave. 


The Ext Osc pin of the IS0165 
and IS0175 
can be driven 
directly with a ±3V to ±5V sine or 25% to 75% duty-cycle 
triangle 
wave 
and the ISO amp's 
internal 
modulator/de- 
modulator 
circuitry will synchronize 
to the signal. 


IS0175 
can also be synchronized 
to a 400kHz 
to 700kHz 
Square-Wave 
External 
Clock since an internal 
clamp and 
filter provide signal conditioning. 
A square-wave 
signal of 
25% to 75% duty cycle, and ±3V to ±20V level can be used 
to directly drive the ISOI75. 


With the addition of the signal conditioning 
circuit shown in 
Figure 2, any 10% to 90% duty-cycle 
square-wave 
signal 


can be used to drive the IS0165 
and IS0175 
Ext Osc pin. 
With 
the values 
shown, 
the circuit 
can be driven 
by a 
4Vp-p 
TTL 
signal. For a higher 
or lower voltage 
input, 


increase 
or decrease 
the lill 
resistor, 
Rx, proportionally, 
e.g. for a ±4V square-wave 
(8Vp-p) Rx should be increased 
to 2kQ. The value of Cx used in the Figure 2 circuit depends 
on the frequency 
of the external clock signal. Cx should be 
30pF for ISOl75 
and 680pF for ISOI65. 


l~F 
0------1 


Sq Wave In 


Triangle 
Out 
to IS0165/175 
Ext Osc 


FIGURE 
2. Square-Wave 
to Triangle Wave Signal Condi- 


tioner for Driving ISOI65/175 
Ext Osc Pin. 


CARRIER 
FREQUENCY 
CONSIDERATIONS 


ISOl65 
and IS0175 
amplifiers transmit the signal across the 
ISO-barrier 
by a duty-cycle 
modulation 
technique. 
This 
system 
works 
like any linear 
amplifier 
for input signals 
having frequencies 
below one half the carrier frequency, 
fe. 


For signal frequencies 
above fd2, the behavior 
becomes 


upper curve UlUsrrates me response tor mput SIgnals varying 
from DC to fd2. At input frequencies 
at or above fd2, the 
device generates 
an output signal component 
that varies in 
both amplitude and frequency, as shown by the lower curve. 
The lower horizontal 
scale shows the periodic 
variation 
in 
the frequency 
of the output 
component. 
Note that at the 
carrier frequency 
and its harmonics, 
both the frequency 
and 
amplitude 
of the response go to zero. These characteristics 
can be exploited 
in certain applications. 


It should be noted that for the ISO 175, the carrier frequency 
is nominally 
500kHz and the -3dB point of the amplifier is 


60kHz. 
Spurious 
signals 
at the output 
are not significant 
under these circumstances 
unless the input signal contains 


significant 
components 
above 250kHz. 


For the ISOI65, 
the carrier frequency 
is nominally 
110kHz 
and the -3dB 
point of the amplifier is 6kHz. 


When periodic noise from external 
sources such as system 


clocks and DCIDC converters 
are a problem, 
IS0165 
and 
ISO 175 can be used to reject this noise. The amplifier 
can 
be synchronized 
to an external 
frequency 
source, 
fEXT' 


placing 
the amplifier 
response 
curve 
at one of the fre- 
quency 
and amplitude 
nulls indicated 
in the "Signal 
Re- 


sponse vs Carrier Frequency" 
performance 
curve. Figure 3 


shows circuitry 
with opto-isolation 
suitable for driving the 
Ext Osc input from TTL levels. 


c, 
f--- 


Ext Osc on 
IS0165/1S0175 
(Pin 21) 


C,: 
(140E.6)_350PF 


fiN 


C2 = 10 X C" 
with a minimum 
1OnF 


FIGURE 3. Synchronization 
with Isolated Drive Circuit for 
Ext Osc Pin. 


ISOLATION 
MODE VOLTAGE 


Isolation 
Mode 
Voltage 
(IMV) 
is the voltage 
appearing 
between isolated grounds GNDI 
and GND2. The IMV can 
induce errors at the output as indicated by the plots of IMV 
versus Frequency. 
It should be noted that if the IMV fre- 


quency exceeds fel2. the output will display 
spurious out- 


puts in a manner 
similar to that described 
above, and the 


amplifier 
response 
will be identical 
to that shown 
in the 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products 
I~~I 


referred 
error signals. To predict the total !MR, divide the 
isolation voltage by the IMR shown in "IMR vs Frequency" 
performance 
curve and compute 
the amplifier 
response 
to 
this input-referred 
error signal from the data given in the 


"Signal Response vs Carrier Frequency" 
performance 
curve. 
Due to effects of very high-frequency 
signals, typical IMV 
performance 
can 
be achieved 
only 
when 
dV/dT 
of the 


isolation 
mode voltage 
falls below 
lOOOV/~. For conve- 
nience, 
this is plotted 
in the typical 
performance 
curves 
for the ISOl65 
and ISOl75 
as a function 
of voltage 
and 
frequency 
for sinusoidal 
voltages. 
When 
dV/dT 
exceeds 
I000V/~ 
but falls below 
20kV/~, 
performance 
may be 
degraded. 
At rates of change above 20kV/~, 
the amplifier 


may be damaged, 
but the barrier retains its full integrity. 


Lowering 
the power 
supply 
voltages 
below 
±15V 
may 
decrease the dVIdT to 500V I~ for typical performance, 
but 
the maximum 
dV/dT 
of 20kV/~ 
remains unchanged. 


Leakage 
current is determined 
solely by the impedance 
of 
the barrier capacitance 
and is plotted in the "Isolation Leak- 


age Current vs Frequency" 
curve. 


ISOLATION 
VOLTAGE 
RATINGS 


Because a long-term 
test is impractical 
in a manufacturing 
situation, 
the generally 
accepted 
practice 
is to perform 
a 


production 
test at a higher voltage for some shorter time. 


The relationship 
between actual test voltage and the continu- 
ous derated maximum 
specification 
is an important 
one. 


Historically, 
Burr-Brown 
has chosen a deliberately 
conser- 


vative 
one: VTEST 
= (2 x ACrms 
continuous 
rating) 
+ 


1000V for 10 seconds, 
followed 
by a test at rated ACrms 
voltage 
for one minute. 
This choice 
was appropriate 
for 
conditions 
where system transients 
are not well defined. 


Recent 
improvements 
in high-voltage 
stress testing 
have 
produced a more meaningful 
test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 
apply this new technology 
in the manufacture 
and testing of 
the IS0165 
and IS0175. 


When an insulation 
defect such as a void occurs within an 
insulation system, the defect will display localized corona or 
ionization 
during exposure to high-voltage 
stress. This ion- 


ization 
requires 
a higher 
applied 
voltage 
to start 
the 
discharge 
and lower voltage to maintain it or extinguish 
it 
once 
started. 
The 
higher 
start 
voltage 
is known 
as the 
inception 
voltage, while the extinction 
voltage is that level 
of voltage stress at which the discharge 
ceases. Just as the 
total insulation 
system has an inception 
voltage, so do the 
individual 
voids. A voltage will build up across a void until 


its inception voltage is reached, at which point the void will 
ionize, effectively 
shorting itself out. This action redistrib- 
utes electrical charge within the dielectric 
and is known as 


panial 
discharge. 
If, as is the case with AC, the applied 


voltage gradient across the device continues to rise, another 
partial 
discharge 
cycle 
begins. 
The 
importance 
of this 


gins, and is allowed to continue, the action of the ions and 
electrons 
within 
the defect 
will eventually 
degrade 
any 


organic insulation system in which they occur. The measure- 
ment of partial discharge is still useful in rating the devices 
and providing quality control of the manufacturing 
process. 


The inception voltage for these voids tends to be constant, so 
that the measurement 
of total charge 
being 
redistributed 
within the dielectric is a very good indicator of the size of the 
voids and their likelihood 
of becoming 
an incipient failure. 


The bulk inception 
voltage, on the other hand, varies with 
the insulation 
system, and the number of ionization 
defects 


and directly establishes the absolute maximum voltage (tran- 
sient) 
that can be applied 
across 
the test device 
before 


destructive 
partial discharge can begin. Measuring 
the bulk 


extinction voltage provides a lower, more conservative 
volt- 
age 
from 
which 
to derive 
a safe continuous 
rating. 
In 
production, 
measuring 
at a level somewhat 
below the ex- 
pected 
inception 
voltage 
and 
then 
derating 
by a factor 
related 
to expectations 
about 
system 
transients 
is an ac- 
cepted practice. 


PARTIAL 
DISCHARGE 
TESTING 
• 


Not only does this test method provide far more qualitative 
information 
about stress-withstand 
levels than did previous 
stress tests, but it provides quantitative 
measurements 
from 


which quality assurance and control measures can be based. 
Tests similar to this test have been used by some manufac- 
turers, 
such 
as those 
of high-voltage 
power 
distribution 
equipment, 
for some 
time, 
but they employed 
a simple 
measurement 
of RF noise to detect ionization. 
This method 
was not quantitative 
with regard to energy of the discharge, 
and was not sensitive enough for small components 
such as 


isolation 
amplifiers. 
Now, however, 
manufacturers 
of HV 


test equipment 
have developed 
means 
to quantify 
partial 
discharge. 
VDE in Germany, 
an acknowledged 
leader 
in 
high-voltage 
test standards, 
has developed 
a standard 
test 
method 
to apply this powerful 
technique. 
Use of partial 
discharge 
testing is an improved method for measuring 
the 
integrity of an isolation barrier. 


To accommodate 
poorly-defined 
transients, 
the part under 
test is exposed 
to voltage that is 1.6 times the continuous- 
rated voltage 
and must display 
less than or equal to 5pC 


partial discharge 
level in a 100% production 
test. 


APPLICATIONS 


The ISOl65 
and ISOl75 
isolation 
amplifiers 
are used in 
three categories 
of applications: 


• Accurate 
isolation 
of signals 
from high voltage 
ground 
potentials, 


• Accurate isolation of signals from severe ground noise and, 


• Fault protection 
from high voltages 
in analog 
measure- 


ment._ 


BURR-BROWN. 
11:11:11 
Burr-Brown Ie Data Book-Linear 
Products 


180166 
180176 


BURR - BROWN® 
IElElI 


Precision, Isolated 
OPERATIONAL AMPLIFIER 


• 
RATED 
1500Vrms 
Continuous 
2500Vrms 
for One Minute 


100% TESTED 
FOR PARTIAL 
DISCHARGE 


• 
HIGH IMR: 115dB at 50Hz 


• 
LOW NONLINEARITY: 
±O.05% 


• 
LOW INPUT BIAS CURRENT: 
±5nA max 


• 
LOW INPUT OFFSET VOLTAGE: 
±20JlV 


• 
OP AMP INPUTS PROTECTED 
TO ±30V 


• 
MOD INPUT PROTECTED 
TO ±100V 


• 
BIPOLAR 
OPERATION: 
Vo = ±10V 


• 
SYNCHRONIZATION 
CAPABILITY 


• 
24-PIN PLASTIC 
DIP: 
0.3" Wide 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Transducer 
Isolator, 
Thermocouple 


Isolator, 
RTD Isolator, 
Pressure 
Bridge 
Isolator, 
Flow Meter Isolator 


• 
POWER MONITORING 


• 
MEDICAL 
INSTRUMENTATION 


• 
ANALYTICAL 
MEASUREMENTS 
21 


• 
BIOMEDICAL 
MEASUREMENTS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
POWER MONITORING 
2. 


• 
GROUND 
LOOP ELIMINATION 


ISO 166 and IS0176 
are precision isolation amplifiers 


incorporating 
an uncommitted 
operational 
amplifier 


for input conditioning, 
a novel duty cycle modulation- 
demodulation 
technique and excellent accuracy. Inter- 
nal input protection 
can withstand 
up to ±30V differ- 
ential without damage. The signal is transmitted 
digi- 
tally across a differential 
capacitive barrier. With digi- 
tal modulation 
the barrier characteristics 
do not affect 


signal integrity. This results in excellent reliability and 
good high frequency 
transient 
immunity 
across 
the 


barrier. Both the amplifier 
and barrier capacitors 
are 
housed in a plastic DIP. IS0166 
and IS0176 
differ in 
frequency 
response and linearity. 


These amplifiers 
are easy to use. No external compo- 
nents are required. A power supply range of ±4.5V to 
± l8V makes these amplifiers ideal for a wide range of 
applications. 


BURR 
~BROWNiI 


IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ISOl66P 
IS0176P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ISOLA TlON(') 
Voltage Rated Continuous: 


AC 
TM1N to TMA)( 
1500 
1500 
Vrms 


DC 
TM1N to Tw.x 
2121 
2121 
VDC 


100% Test (AC, 50Hz) 
1s; Partial Discharge S 5pC 
2500 
2500 
Vrms 
lsolalion-Mode 
Rejection 
AC50Hz 
1500Vrms 
115 
115 
dB 
DC 
160 
160 
dB 


Barrier Impedance 
10"116 
10"116 
°llpF 


Leakage Current 
V,SO: 
240Vrms, 50Hz 
0.8 
1 
0.8 
1 
llArms 
CD 


ISO AMp· 
GAIN 
r-- 


Gain 
Error(2) 
G=1 
±0.05 
±O.05 
%FSR 
,... 


Gain V$ Temperature 
G:1 
±10 
±10 
ppml"C 
0 
Nonlinearity 
G=1 
±0.052 
±0.102 
% 
CJ) 


ISO AMP· 
OFFSET VOLTAGE 
(g 
Offset 
50 
100 
mV 


V$ Temperature 
±150 
±500 
~vrc 
CD 


vs Supply 
±2 
±2 
~VN 
,... 


ISO AMp· 
INPUT 
0 
Input Resistance 
200 
200 
kO 
CJ) 


ISO AMp· 
OUTPUT 


Voltage Range 
±10 
±10 
V 


Current Drive 
±5 
±5 
mA 
Capacitive 
Load Drive 
0.1 
0.1 
~F 


Ripple Voltage 
10 
10 
mVp-p 


OP AMP - INPUT 
CJ) 


Voltage Range 
±13 
±13 
V 
•••• 
Bias Current 
±5 
±5 
nA 
0 
V$ Temperature 
±15 
±15 
pN·C 
Offset Vonage 
±20 
±20 
~V 
:J 


Offset Current 
±5 
±5 
nA 
C 
vs Temperature 
±1.5 
±1.5 
pN-C 
0 
FREQUENCY 
RESPONSE 
c: 
Small Signal Bandwidth 
loomV, 
G = 1 
6 
60 
kHz 
0. 
loomV, 
G = 10 
6 
60 
kHz 


lOOmV, G = 100 
6 
60 
kHz 
Z 
Slew Rate 
Vo: 
±10V, G = 10 
0.3 
0.3 
VI~ 
0 
POWER SUPPLIES 
Rated Vonage 
15 
15 
V 


~ 
Vonage Range 
±4.5 
±18 
±4.5 
±18 
V 
Quiescent Current 
..J 


VCC1 
9 
9 
mA 
0 
VCC2 
7.5 
7.5 
mA 
CJ) 
TEMPERATURE 
RANGE 


Operating 
-40 
85 
-40 
85 
'C 
Storage 
-40 
125 
-40 
125 
'C 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURA-BAOWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BUAR·BROWN 
assuml;;lS 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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Op Amp Analog Input Voltage Range 
. 
±V., 


External Oscillator Input.. 
. 
±25V 
Signal Common 
1 to Ground 1 
. 
±1V 
Signal Common 
2 to Ground 2 
. 
±lV 


Continuous 
Isolation 
Voltage: 
1500Vrms 


IMV, dv/dt.. 
. 
20kV/IlS 
Junction Temperature. 
. 
150°C 


Storage Temperature 
-40°C 
to +125°C 
Lead Temperature 
(soldering, 
10s) 
.... +300·C 


Output 
Short Duration. 
. 
. 
Continuous 
to Common 


MOD Input Voltage Range.. 
. 
±100V 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated circuits 
may be more susceptible 
to damage 
because 
very small 


parametric 
changes 
could 
cause 
the device 
not to meet 


published 
specifications. 


" 
2.1k 


~ 
1k 
g 
"o.~ 
~ 
'" 
100 
'"~ 


Max DC Rating 


I 
I 
II 
Max AC 
.' 
Rating 


"\ 
- 
Degraded 


Performance 
\ 


r=. 
Typical 
---.. 


I--Pertormance 
. TT 


IIII 
I 
r+r; 


10k 
lOOk 
1M 


Frequency (Hz) 


OUT 
11 


GND 2 
12 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


IS0166P 
24-Pin Plastic DIP 
243-2 


IS0176P 
24-Pin 
Plastic DIP 
243-2 


MODEL 
PACKAGE 
BANDWIDTH 


IS0166P 
24-Pin Plastic DIP 
6kHz 


IS0176P 
24-Pin Plastic DIP 
60kHz 


60 


54 


40 
iD 
:!l. 
a:a: 
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20 
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BASIC OPERATION 
INPUT BIAS CURRENT 
CANCELLATION 


IS0166 
and IS0176 
isolation amplifiers 
are comprised 
of a 
precision uncommitted 
operational 
amplifier followed by an 
isolation 
amplifier. 
The input and output isolation 
sections 
are galvanically 
isolated 
by matched 
and EMI 
shielded 
capacitors. 


Signal 
and Power 
Connections 
Figure 1 shows power and signal connections. 
Each power 
supply pin should be bypassed with a 11JFtantalum capaci- 
tor located as close to the amplifier as possible. All ground 
connections 
should 
be run independently 
to a common 
point. Signal Common 
on both input and output 
sections 
provide a high-impedance 
point for sensing signal ground in 
noisy applications. 
Com 1 and Com 2 must have a path to 
ground 
for bias current 
return 
and should be maintained 
within ±lV 
of GND1 and GND2, respectively. 


INPUT PROTECTION 


The amplifier 
inputs of IS0166 
and IS0176 
are protected 
with 500n 
series 
input resistors 
and diode clamps. 
The 
inputs can withstand ±30V differential 
inputs without dam- 
age. The protection 
diodes will, of course, conduct current 
when 
the inputs 
are over-driven. 
This 
may 
disturb 
the 
slewing behavior of unity-gain 
follower applications, 
but it 
will not damage the op amp. The MOD input is a 200kn 
resistor and can withstand ±1OOV without damage. 


+VS1 


21 
MOD 


2 Your 


24 V'N- 


V1N+ 
1 V1N+ 


-VS1 


The input stage base current of the uncommitted 
op amp is 


internally compensated 
with an equal and opposite cancella- 
tion current. The resulting input bias current is the difference 
between 
the input stage base current 
and the cancellation 
current. This residual input bias current can be positive 
or 
negative. 


When the bias current is cancelled in this manner, the input 
bias current and input offset current are approximately 
the 
same magnitude. 
As a result, it is not necessary 
to balance 
the DC resistance seen at the two input terminals. A resistor 
added 
to balance 
the 
input 
resistances 
may 
actually 
increase 
offset and noise. 


IS0166 
and IS0176 
can be synchronized 
to an external 
signal source. This capability is useful in eliminating trouble- 
some beat frequencies 
in multichannel 
systems and in reject- 
ing AC signals and their harmonics. 
To use this feature, an 
external signal must be applied to the Ext Osc pin. 150166 
can be synchronized 
over the 100kHz to 200kHz range and 
IS0176 
can be synchronized 
over the 400kHz 
to 700kHz 
range. 
__ 


The ideal external clock signal for IS0166 
and IS0176 
is a 
±4V sine wave or ±4V, 50% duty-cycle 
triangle wave. The 
Ext Osc pin of the IS0166 
and IS0176 
can be driven 
directly with a ±3V to ±5V sine or 25% to 75% duty-cycle 
triangle 
wave 
and the ISO amp's 
internal 
modulator/de- 


modulator 
circuitry will synchronize 
to the signal. 


BURR-BROWN" 
1E3E31 
Burr-Brown Ie Data Book-Linear 
Products 


tIller provide signal conditioning. 
A square-wave 
signal of 
25% to 75% duty cycle, and ±3V to ±20V level can be used 
to directly drive the ISOI76. 


With the addition of the signal conditioning 
circuit shown in 
Figure 2, any 10% to 90% duty-cycle 
square-wave 
signal 
can be used to drive the ISOl66 
and IS0176 
Ext Osc pin. 
With 
the values 
shown, 
the circuit 
can be driven 
by a 
4Vp-p 
TIL 
signal. 
For a higher 
or lower 
voltage 
input, 
increase 
or decrease 
the lill 
resistor, 
Rx, proportionally, 
e.g. for a ±4V square-wave 
(8Vp-p) Rx should be increased 
to 2kn. The value of Cx used in the Figure 2 circuit depends 
on the frequency 
of the external clock signal. Cx should be 
30pF for IS0176 
and 680pF for ISOI66. 


Rx 
l~F 
Hill 
0---1 


Square-Wave In 
Triangle 
Out 
10 150166/176 
ExtOsc 


FIGURE 
2. Square-Wave 
to Triangle Wave Signal Condi- 
tioner for Driving ISOl66/176 
Ext Osc Pin. 


CARRIER 
FREQUENCY 
CONSIDERATIONS 


IS0166 
and IS0176 
amplifiers transmit the signal across the 
ISO-barrier 
by a duty-cycle 
modulation 
technique. 
This 
system 
works 
like any linear 
amplifier 
for input signals 
having frequencies 
below one half the carrier frequency, fe. 
For signal frequencies 
above fcl2, the behavior 
becomes 
more complex. 
The Signal 
Response 
versus 
Carrier 
Fre- 
quency performance 
curve describes 
this behavior 
graphi- 
cally. 
The upper 
curve 
illustrates 
the response 
for input 
signals varying from DC to fcl2. At input frequencies 
at or 
above fel2, the device generates an output signal component 
that varies in both amplitude and frequency, as shown by the 
lower curve. The lower horizontal 
scale shows the periodic 
variation 
in the frequency 
of the output component. 
Note 
that at the carrier 
frequency 
and its harmonics, 
both the 
frequency 
and amplitude 
of the response go to zero. These 
characteristics 
can be exploited 
in certain applications. 


It should be noted that for the ISOI76, 
the carrier frequency 
is nominally 
500kHz and the -3dB point of the amplifier is 
60kHz. 
Spurious 
signals 
at the output 
are not significant 
under these circumstances 
unless the input signal contains 
significant 
components 
above 250kHz. 


For the 150166, 
the earrier frequency 
is nominally 
110kHz 
and the -3dB 
point of the amplifier 
is 6kHz. 


ISO 176 can be used to reject this noise. The amplifier can be 
synchronized 
to an external frequency 
source, fEXT, placing 
the amplifier 
response 
curve at one of the frequency 
and 
amplitude nulls indicated in the "Signal Response vs Carrier 
Frequency" 
performance 
curve. 


ISOLATION 
MODE VOLTAGE 


Isolation 
Mode 
Voltage 
(IMV) 
is the voltage 
appearing 
between isolated grounds GNDI 
and GND2. The IMV can 
induce error at the output as indicated by the plots of IMV 
versus Frequency. 
It should be noted that if the IMV fre- 
quency exceeds 
fel2, the output will display spurious 
out- 
puts in a manner 
similar to that described 
above, and the 
amplifier 
response 
will be identical 
to that shown 
in the 
"Signal Response vs Carrier Frequency" 
performance 
curve. 
This occurs because IMV-induced 
errors behave like input- 
referred error signals. To predict the total IMR, divide the 
isolation voltage by the IMR shown in "IMR vs Frequency" 
performance 
curve and compute 
the amplifier 
response 
to 
this input-referred 
error signal from the data given in the 
"Signal Response vs Carrier Frequency" 
performance 
curve. 


Due to effects of very high-frequency 
signals, typical IMV 
performance 
can be achieved 
only 
when 
dV/dT 
of the 
isolation 
mode voltage 
falls below 
lOOOV/~. For conve- 
nience, this is plotted in the typical performance 
curves for 
the IS0166 
and IS0176 
as a function 
of voltage 
and fre- 
quency 
for 
sinusoidal 
voltages. 
When 
dVIdT 
exceeds 
lOOOV/~ but falls below 
20kV/~, 
performance 
may be 
degraded. 
At rates of change above 20kV/~, 
the amplifier 
may be damaged, 
but the barrier retains its full integrity. 
Lowering 
the power 
supply 
voltages 
below 
±15V 
may 
decrease the dVIdT to 500V I~ for typical performance, 
but 
the maximum 
dV/dT of 20kV/~ 
remains unchanged. 


Leakage current is determined 
solely by the impedance 
of 
the barrier capacitance 
and is plotted in the "Isolation 
Leak- 
age Current vs Frequency" 
curve. 


ISOLATION 
VOLTAGE 
RATINGS 


Because a long-term 
test is impractical 
in a manufacturing 
situation, 
the generally 
accepted 
practice 
is to perform 
a 
production 
test at a higher voltage for some shorter time. 
The relationship between actual test voltage and the continu- 
ous derated maximum 
specification 
is an important 
one. 


Historically, 
Burr-Brown 
has chosen a deliberately 
conser- 
vative 
one: VTEST 
= (2 x ACrms 
continuous 
rating) + 
l000V 
for 10 seconds, 
followed 
by a test at rated ACrms 
voltage 
for one minute. 
This choice 
was appropriate 
for 
conditions 
where system transients 
are not well defined. 


Recent 
improvements 
in high-voltage 
stress testing 
have 
produced a more meaningful 
test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 
apply this new technology 
in the manufacture 
and testing of 
the ISOl66 
and ISOI76. 
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insulation system, the defect will display localIzed corona or 
ionization 
during exposure to high-voltage 
stress. This ion- 
ization 
requires 
a higher 
applied 
voltage 
to start the dis- 
charge and lower voltage to maintain it or extinguish 
it once 
started. The higher start voltage is known as the inception 
voltage, while the extinction voltage is that level of voltage 
stress at which the discharge ceases. Just as the total insula- 
tion system has an inception 
voltage, 
so do the individual 


voids. A voltage will build up across a void until its incep- 
tion voltage is reached, at which point the void will ionize, 
effectively 
shorting itself out. This action redistributes 
elec- 
trical charge within the dielectric 
and is known 
as partial 
discharge. 
If, as is the case with AC, the applied 
voltage 
gradient across the device continues 
to rise, another partial 
discharge cycle begins. The importance 
of this phenomenon 
is that, if the discharge does not occur, the insulation system 
retains its integrity. If the discharge 
begins, and is allowed 
to continue, 
the action of the ions and electrons 
within the 
defect will eventually degrade any organic insulation system 
in which they occur. The measurement 
of partial discharge 
is still useful 
in rating the devices 
and providing 
quality 
control of the manufacturing 
process. The inception voltage 
for these voids tends to be constant, so that the measurement 
of total charge being redistributed 
within the dielectric 
is a 
very 
good 
indicator 
of the 
size of the voids 
and their 
likelihood of becoming an incipient failure. The bulk incep- 
tion voltage, 
on the other hand, varies with the insulation 


system, 
and the number of ionization 
defects 
and directly 


establishes 
the absolute 
maximum 
voltage 
(transient) 
that 
can be applied 
across 
the test device 
before 
destructive 
partial discharge 
can begin. Measuring 
the bulk extinction 
voltage provides 
a lower, more conservative 
voltage from 
which to derive a safe continuous 
rating. 


mtormauon 
aDout stress-WlillStana levels man UlUpn::vluu, 
stress tests, but it provides quantitative 
measurements 
from 
which quality assurance and control measures can be based. 
Tests similar to this test have been used by some manufac- 
turers, 
such 
as those 
of high-voltage 
power 
distribution 
equipment, 
for some 
time, 
but they 
employed 
a simple 
measurement 
of RF noise to detect ionization. 
This method 
was not quantitative 
with regard to energy of the discharge, 


and was not sensitive enough for small components 
such as 


isolation 
amplifiers. 
Now, however, 
manufacturers 
of HV 


test equipment 
have developed 
means 
to quantify 
partial 
discharge. 
VDE in Germany, 
an acknowledged 
leader 
in 
high-voltage 
test standards, 
has developed 
a standard 
test 
method 
to apply this powerful 
technique. 
Use of partial 
discharge 
testing is an improved 
method for measuring 
the 
integrity of an isolation barrier. 


To accommodate 
poorly-defined 
transients, 
the part under 
test is exposed to voltage that is 1.6 times the continuous- 
rated voltage and must display 
less than or equal to 5pC 
partial discharge 
level in a 100% production 
test. 


APPLICATIONS 
__ 


The IS0166 
and IS0176 
isolation 
amplifiers 
are used in 
three categories 
of applications: 
(J) 


• Accurate 
isolation 
of signals 
from high voltage 
ground ti 


potentials. 
::::) 


• Accurate isolation of signals from severe ground noise and, 
C 


• Fault protection 
from high voltages 
in analog 
measure- 
0 
ments. 
a:a.zo 


~-Io 
~ 
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BURR - BROWN® 
IElElI 
~ 
IS0212KP 


Low Cost, Two-Port Isolated, 1500Vrms 
ISOLATION AMPLIFIER 


• 
12-BIT ACCURACY 


• 
2.5mA 
(typ) QUIESCENT 
CURRENT 


• 
LOW PROFILE 
(LESS THAN 0.5" HIGH) 


• 
SMALL 
FOOTPRINT 


• 
EXTERNAL 
POWER CAPABILITY 


(±8Vat 
5mA) 


• 
"MASTER/SLAVES" 
SYNCHRONIZATION 
CAPABILITY 


• 
INPUT OFFSET ADJUSTMENT 


• 
LOW POWER (75mW) 


• 
SINGLE 
10V TO 15V SUPPLY 
OPERATION 


The IS0212P 
signal isolation amplifier is a member of 


a series 
of low-cost 
isolation 
products 
from 
Burr- 


Brown. 
The low-profile 
SIT- plastic package 
allows 
PCB spacings 
of 0.5" to be achieved, 
and the small 
footprint results in efficient use of board space. 


To provide isolation, the design uses high-efficiency, 
miniature toroidal transformers 
in both the signal and 
power paths. An uncommitted 
input amplifier and an 


isolated external bipolar supply ensure the majority of 
input interfacing or conditioning 
needs can be met. The 
IS0212P 
accepts an input voltage range of ±5V for 
single 15V supply operation 
or ±3.0V for single 10V 
supply operation. 


• 
INDUSTRIAL 
PROCESS 
CONTROL: 


Transducer 
Channel 
Isolator 
for 
Thermocouples, 
RTDs, Pressure 
Bridges, 
Flow Meters 


• 
4mA TO 20mA 
LOOP ISOLATION 


• 
MOTOR AND SCR CONTROL 


• 
GROUND 
LOOP ELIMINATION 


• 
ANALYTICAL 
MEASUREMENTS 


• 
POWER PLANT 
MONITORING 


• 
DATA ACQUISITIONITEST 
EQUIPMENT 


ISOLATION 


• 
MULTIPLEXED 
SYSTEMS 
WITH CHANNEL 
TO CHANNEL 
ISOLATION 


Offset 


Adjust 
Offset 


Adjust 


-liP 


I 
I 
I 
Ii~~"' 
,L 
I 
O/PLow 


I 
I 


: DC/DC 
Converter 


+vcc 


Com 2 


Clock Out 


Clock In 


International 
Airport 
Industrial 
Park 
• 
Mailing Address: 
PO Box 11400 
• 
Tucson, AZ 85734 
• 
Street Addre •• : 6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 


Tel: (520) 746-1111 
• 
Twx: 910-952-1111 
• 
Cable: BBRCORP 
• 
Telex: _91 
• 
FAX: (520) 889-1510 
• 
Immediate 
Product Info: (800) 546-6132 
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SPECIFICATIONS 


ELECTRICAL 


At TA = +25°C and Vcc:: 
+15V, unless otherwise 
noted. 


IS0212JP 
IS0212KP, 
JP-15 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage 
Rated Continuous 
AC,50Hz 
750 
1500 
Vrms 
DC 
1060 
2120 
VDC 
100% Test (AC, 50Hz) 
Partial Discharge 
ls 
: <5pC 
1200 
2400 
Vrms 
Isolation-Mode 
Rejection(l) 
Vise = Rated 
Continuous 
60Hz 
AC 
115 
"19) 
dB 
DC 
160 
dB 
Barrier Resistance 
10'0 
Q 


Barrier Capacitance 
12 
pF 
Leakage Current(8j 
Vise = 240Vrms, 
60Hz 
1 
2 
IJArms 
a. 


Vise = 240Vrms, 
50Hz 
1.6 
~rms 


GAIN 
N 
T"" 
Initial Error 
±1 
±2 
% FSR(2j 
N 
Gain vs Temperature 
20 
50 
ppm of FSR/'C 
0 
Nonlinearity(3): 
KP 
Vo = -5V to +5V 
0.04 
0.05 
0.015 
0.025 
%FSR 
JP-15 
0.04 
0.05 
%FSR 
en 


INPUT OFFSET VOLTAGE 
Offset Voltage RTI: KP 
±to ±10/G 
±7.5±7.5/G 
mV 
JP-15 
±10±10/G 
mV 
vs Temperature 
30 ±30/G 
Ilvrc 
vs Power Supply(4) 
Vcc = 14V to 16V 
±1.5 
mVN 
Adjustment 
Range 
±20 
mV 


INPUT CURRENT 
en 
Bias 
50 
nA 
•••• 


Offset 
4 
nA 
0 
INPUT 
:::::» 
Voltage RangelS) 
G = 1 
±5 
V 
C 
Resistance 
1012 
Q 
0 
OUTPUT 
Outpul Impedance 
3 
kQ 
a: 
Voltage Range 
Out Hi to Out Lo 
±5 
V 
a. 


Min Load = 1MQ 
Z 
Ripple Voltagel') 
f = 0 to 100kHz 
8 
mVp-p 
f=Ot05kHz 
0.4 
mVrms 
0 
Ouput Compliance 
Out Hi or Out La 
7.5 
V 
~ 
FREQUENCY 
RESPONSE 
Small Signal Bandwidth 
liP = lVp-p, 
-3dB 
1 
kHz 
G = 1 
..J 


Full Signal Bandwidth 
liP = 10Vp-p, 
200 
Hz 
0 
G = 1 
en 
G = 10 (-3dB) 
1.8 
kHz 


ISOLATED 
POWER OUTPUTS 
Voltage Outputs (±Vss ,)17) 
No Load 
±7.5 
±8 
VDC 
vs Temperature 
-8 
mvrc 
vs Load 
90 
mV/mA 
Current Output 
(7) 


(Both Loaded) 
5 
mA 
(One Loaded) 
8 
mA 


POWER SUPPLIES 
Rated Voltage 
Rated Performance 
15 
V 
Voltage Range(S) 
11.4 to 16 
V 


Quiescent 
Current 
No Load 
2.5 
3.5 
mA 


TEMPERATURE 
RANGE 
Specification 
0 
+70 
'C 
Operating 
-25 
+85 
'c 


NOTES: (1) Isolation-mode 
rejection is the ratio of the change in output voltage to a change in isolation barrier voltage. It is a function of frequency. 
(2) FSR = Full 
Scale Range = 10V. (3) Nonlinearity is the peak deviation of the output voltage from the best-fit straight line. It is expressed as the ratio of deviation to FSA. (4) Power 
Supply Rejection is the change in Ves/Supply Change. (5) At Vcc = +1O.OV,input voltage range = ±3.0V min. (6) Ripple is the residual component of the barrier carrier 
froquoncy 
gonoratod 
intornally. 
(7) Dorated 
at Vc;c;-<: ,1SV. (8) Tostod 
at 2400Vrms, 
50Hz limit 16~. 
(9) Asterisk 
(*) same as IS0212JP. 
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Bottom View 


0 
+I/P 
Com 1 2 
0 
0 
3 
-liP 


fo 
4 
0 
0 
-VSS1 


+VSS1 
0 
0 
Offsot Adjust 
Offsot Adjust 
8 
0 


Supply Voltage Without Damage 
. 
18V 
Continuous 
Isolation Voltage 
Across 
Barrier: JP 
750Vrms 
KP, JP-15 
1500Vrms 


Storage 
Temperature 
Range. 
. 
-25°C 
to 100°C 


Lead Temperature 
(soldering, 
10s) 
. 
+300°C 


Amplifier 
Output 
Short·Circuit 
Duration 
Continuous 
to Common 
Output Voltage Hi or Lo to Com 2.. 
. 
±Vccl2 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


IS0212JP 
38-Pin Plastic SIP 
326 


IS0212JP-15 
38-Pin Plastic SIP 
326 


IS0212KP 
38-Pin Plastic Sl P 
326 


0 
31 
+Vcc 


Com2 
32 
0 


Clock Out 
34 
0 
0 
35 
Clock In 


0 
37 
O/P Low 
O/P High 38 
0 


OPERATING 
MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


IS0212JP 
38-Pin Plastic SIP 
-25°C 
to +85°C 
IS0212JP-15 
38-Pin Plastic SIP 
-25°C 
to +85°C 


IS0212KP 
38-Pin Plastic SIP 
-25°C 
to +85°C 


o 
17 
16 
15 
14 
13 
12 
11 
10 
9 
7 
6 


Supply Voltage Vcc (V) 


5 


Time (ms) 


The information 
provided herein is believed 
to be reliable; however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR· BROWN assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR·BROWN 
product for use in life support devices 
and/or 
systems. 
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85 


80 


75 


70 


~ 
65 


a: 
~ 
60 


55 


50 


45 


40 


1k 
lOOk 
1M 


Frequency (Hz) 


-0.5 
oc 
rn 
u. 
C 
-1 


g 
w 
-1.5 
<= 
'iij 
Cl 


-2 


/ 


V- 
/ 
!/ 


-- 


DISCUSSION 
OF SPECIFICATIONS 


The IS0212P 
is intended 
for applications 
where isolation 
and input signal conditioning 
are required. 
Best signal-to- 
noise performance 
is obtained when the input amplifier gain 
setting is such that VOUT has a full scale range of ±5V. The 
bandwidth is typically 1kHz, making the device ideal for use 
in conjunction 
with sensors 
that monitor 
slowly 
varying 
processes. To power external functions or networks, 5mA at 
±8V typical is available 
at the isolated port. 


LINEARITY 
PERFORMANCE 


The IS0212P 
offers linearity performance 
compatible 
with 
12-bit resolution 
systems (0.025%). Note that the specifica- 
tion is based on a best-fit straight line. 


OPTIONAL 
OFFSET 
VOLTAGE 
ADJUSTMENT 


In many applications, 
the untrimmed 
input offset voltage 
will be adequate. For situations where it is necessary to trim 
the offset, a potentiometer 
can be used. See Figure 
I for 
details. It is important 
to keep the traces to the offset adjust 
pins as short as practical, because noise can be injected into 
the input op amp via this route. 


INPUT 
PROTECTION 


If the IS0212P 
is used in systems 
where a transducer 
or 
sensor does not derive its power from the isolated 
power 
available 
from the device, then some input protection 
must 
be present to prevent damage to the input op amp when the 
IS0212P 
is not powered. 
A resistor 
of 5ill 
should 
be 
included to limit the output impedance 
of the signal source. 
Where the op amp is configured 
for an inverting 
gain, then 
R1N of the gain 
setting 
network 
can be used. 
For non- 


3 
-liP 


1 
+IIP 


+V ss 1 -vss 1 
Offset 
Out 
Out 
Adjust 
~ 


7 100kn 
8 


NOTES: 
(1) Optional voltage offset adjust compo- 


nents. 
(2) 10llF decoupling 
to be used with external 
loads connected. 


inverting 
configurations, 
a separate 
resistor 
is required. 


Neglecting 
this point 
may 
also lead 
to problems 
when 
powering 
on the IS0212P. 


USING ±VSS1 TO POWER 
EXTERNAL 
CIRCUITRY 


The DCIDC converter 
in the IS0212P 
runs at a switching 
frequency 
of 25kHz. 
Internal 
rectification 
and filtering 
is 


sufficient for most applications 
at low frequencies 
or with no 
external networks connected. 


The ripple on ±VSS1 will typically be lOOmVp-p at 25kHz. 
Loading 
the supplies 
will increase 
the ripple unless extra 
filtering is added externally; 
a capacitor of IJ.IFis normally 
sufficient 
for most 
applications, 
although 
in some 
cases 


1OJ.IFmay be required. Noise introduced 
onto ±V SSI should 
be decoupled 
to prevent degraded performance. 


The IS0212P 
has no galvanic connection 
between the input 
and output. The analog input signal referenced 
to the input 
common 
(Com 
I) is multiplied 
by the gain of the input 
amplifier 
and 
accurately 
reproduced 
at the 
output. 
The 
output section uses a differential 
design so either the HI or 
LO pin may be referenced 
to the output common 
(Com 2). 


This allows simple input signal inversion while maintaining 
the high impedance 
input configuration. 
A simplified 
dia- 
gram of the IS0212P 
is shown 
in Figure 
2. The design 
consists of a DC/DC converter, an Ut1~ommitted input opera- 
tional 
amplifier, 
a modulator 
circuit 
and a demodulator 
circuit. 
Magnetic 
isolation 
is provided 
by separate 
trans- 
formers in the power and signal paths. 


The DCIDC converter provides power and synchronization 
signals across the isolation barrier to operate the operational 
amplifier 
and modulator 
circuitry. 
It also 
has sufficient 
capacity 
to power 
external 
input signal conditioning 
net- 


35 


Clock 
In 


34 


Clock 


O~}p High 38 


+vcc 


31 


~ 
Input Ground Plane 


--.L Output Ground Plane 
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works. The uncommitted 
operational 
amplifier may be con- 
figured for signal buffering 
or amplification, 
depending 
on 
the application. 


The modulator 
converts 
the input signal to an amplitude- 


modulated 
AC signal that is magnetically 
coupled 
to the 
demodulator 
by a miniature 
transformer 
providing 
the sig- 
nal-path isolation. The demodulator 
recovers the input sig- 
nal from the modulated 
signal using a synchronous 
tech- 
nique to minimize 
noise and interference. 


ABOUT 
THE BARRIER 


For any isolation 
product, barrier integrity is of paramount 
importance 
in achieving high reliability. 
The IS0212P 
uses 
miniature toroidal transformers 
designed to give maximum 
isolation 
performance 
when encapsulated 
with a high-die- 
lectric-strength 
material. 
The internal component 
layout is 
designed 
so that circuitry 
associated 
with each side of the 
barrier is positioned 
at opposite ends of the package. Areas 
where high electric 
fields can exist are positioned 
in the 
center 
of the 
package. 
The 
result 
is that the 
dielectric 
strength of the barrier typically exceeds 3kVrms. 


ISOLATION 
VOLTAGE 
RATINGS 


Because 
a long term test is impractical 
in a manufacturing 
situation, 
the generally 
accepted 
practice 
is to perform 
a 
production 
test at a high voltage for some shorter time. The 
relationship 
between actual test voltage and the continuous 
derated maximum specification 
is an important one. Histori- 
cally, Burr-Brown 
has chosen 
a deliberately 
conservative 
one: VTEST= (2 x ACrms continuous rating) + lOOOVfor ten 
seconds, followed by a test at rated ACrms voltage for one 
minute. This choice was appropriate 
for conditions 
where 
system transients 
were not well defined. 


f. 
4 


Off Adjust 


-liP 


+I/P 


Off Adjust 


+VSS 1 O/P 


-vss 
1 O/P 
5 


Com 1 
2 


Recent 
improvements 
in high voltage 
stress testing 
have 
produced a more meaningful 
test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 
apply this new technology 
in the manufacture 
and testing of 
the IS0212P. 


When an insulation 
defect such as a void occurs within an 
insulation system, the defect will display localized corona or 
ionization during exposure to high voltage stress. This ioni- 
zation requires a higher applied voltage to start the discharge 
and a lower voltage to extinguish 
it once started. The higher 
start voltage is known as the inception voltage and the lower 
voltage 
is called 
the extinction 
voltage. 
Just as the total 
insulation system has an inception voltage, so do the individ- 
ual voids. A voltage 
will build up across a void until its 
inception 
voltage 
is reached. 
At this point, 
the void will 
ionize, effectively 
shorting itself out. This action redistrib- 
utes electrical 
charge within the dielectric 
and is known as 
partial discharge. 
If the applied voltage gradient across the 
device 
continues 
to rise, 
another 
partial 
discharge 
cycle 
begins. 
The importance 
of this phenomenon 
is that if the 
discharge 
does not occur, the insulation 
system retains its 
5 


integrity. If the discharge begins and is allowed to continue, 
the action of the ions and electrons 
within the defect will 
eventually 
degrade any organic insulation 
system in which 
they occur. The measurement 
of partial discharge 
is both 
useful in rating the devices and in providing 
quality control 
of the manufacturing 
process. The inception voltage of these 
voids tends to be constant, so that the measurement 
of total 
charge being re-distributed 
within 
the dielectric 
is a very 
good indicator of the size of the voids and their likelihood of 
becoming 
an incipient failure. 


38 
O/P High 
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37 
O/P Low 


31 


50kHz 
+Vcc 
Jl.J 
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This 
directly 
establishes 
the absolute 
maximum 
voltage 


(transient) 
that can be applied across the test device before 
destructive 
partial discharge can begin. 


Measuring 
the bulk extinction 
voltage 
provides 
a lower, 


more 
conservative, 
voltage 
from which 
to derive 
a safe 
continuous 
rating. In production, 
it's acceptable 
to measure 
at a level somewhat 
below the expected 
inception 
voltage 


and then de-rate by a factor related to expectations 
about the 
system transients. 
The isolation 
amplifier 
has been exten- 


sively evaluated 
under a combination 
of high temperatures 


and high voltage to confirm its performance 
in this respect. 


The IS0212P 
is free of partial discharges 
at rated voltages. 


PARTIAL 
DISCHARGE 
TESTING 
IN PRODUCTION 


Not only does this test method provide far more qualitative 
information 
about stress withstand 
levels than did previous 


stress tests, but it also provides 
quantitative 
measurements 


from which quality assurance 
and control measures 
can be 
based. Tests similar 
to this test have been used by some 
manufacturers 
such as those of high voltage power distribu- 
tion equipment 
for some time, but they employed 
a simple 
measurement 
of RF noise to detect ionization. 
This method 
was not quantitative 
with regard to energy of the discharge 
and was not sensitive enough for small components 
such as 


isolation 
amplifiers. 
Now, however, 
manufacturers 
of HV 
test equipment 
have developed 
means 
to measure 
partial 
discharge, and VDE, the German standards group, has adopted 
use of this method 
for the testing 
of opto-couplers. 
To 
accommodate 
poorly defined transients, the part under test is 
exposed 
to a voltage that is 1.6 times the continuous 
rated 


voltage and must display < SpC partial discharge 
level in a 


100% production 
test. 


INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


POWER 
SUPPLY 
AND SIGNAL 
CONNECTIONS 


As with any mixed analog 
and digital 
signal component, 
correct decoupling 
and signal routing precautions 
must be 
used to optimize 
performance. 
Figure 
I shows the proper 
power 
supply and signal connections. 
Vcc should be by- 
passed to Com 2 with a O.IIJF ceramic capacitor as close to 
the 
device 
as possible. 
Short 
leads 
will 
minimize 
lead 
inductance. 
A ground plane will also reduce noise problems. 
If a low impedance ground plane is not used, signal common 
lines, and either OIP High or OIP Low pin should be tied 
directly to the ground at the supply and Com 2 returned via 
a separate trace to the supply ground. 


To avoid gain and isolation 
mode (IMR) errors introduced 
by the external 
circuit, 
connect 
grounds 
as indicated 
in 
Figure 3. Layout practices associated with isolation amplifi- 
ers are very important. In particular, 
the capacitance 
associ- 


ated with the banier, 
and series resistance 
in the signal and 


reference leads, must be minimized. 
Any capacitance 
across 


VOLTAGE 
GAIN MODIFICATIONS 


The uncommitted 
operational 
amplifier 
at the input can be 
used to provide 
gain, signal inversion, 
active filtering 
or 


current to voltage conversion. 
The standard design approach 
for any op-amp stage can be used, provided that the full scale 
voltage appearing 
on fa does not exceed ±5V. 


If the input op-amp is overdriven, 
ripple at the output will 
result. To prevent this, the feedback 
resistor should have a 


minimum 
value of iOill. 


Also, it should be noted that the current required to drive the 
equivalent 
impedance 
of the feedback 
network 
is supplied 
by the internal 
DCIDC converter 
and must be taken into 


account when calculating 
the loading added to ±Vss,. 


Since gain inversion can be incorporated 
in either the input 


or output stage of the IS0212P, 
it is possible to use the input 
amplifier in a non-inverting 
configuration 
and preserve the 


high impedance this configuration 
offers. Signal inversion at 


the output is easily accomplished 
by connecting OIP High to 


Com 2 instead of OIP Low. 


ISOLATED 
POWER 
OUTPUT 
DRIVE CAPABILITY 


On the input side of the IS0212P, 
there 
are two power 
supplies capable of delivering 
SmA at ±8V to power exter- 
nal circuitry. When using these supplies with external loads, 
it is recommended 
that additional decoupling 
in the form of 


IOIJF tantalum 
bead capacitors 
be added 
to improve 
the 


voltage regulation. 
Loss of linearity will result if additional 
filtering 
is not used 
with an output 
load. 
Again, 
power 
dissipated 
in the feedback 
loop around 
the input op amp 
must be subtracted from the available power output at ±VSSI. 


If the IS0212P 
is to be used in multiple applications, 
care 
should 
be taken 
in the design 
of the power 
distribution 


Cexr 1 has minimal effect on totallMR. 


Cexr 2 and R have a direct effect. 


O/P Low 


Com2 
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NOISE 


Output 
noise is generated 
by residual 
components 
of the 
25kHz carrier that have not been removed 
from the signal. 


This noise may be reduced 
by adding an output low pass 
filter (see Figure 8). The filter time constants 
should be set 
below the carrier frequency. 
The output from the IS02l2P 
is a switched capacitor and requires a high impedance 
load 
to prevent degradation 
of linearity. Loads of less than lMO 
will cause an increase in noise at the carrier frequency 
and 
will appear 
as ripple 
in the output 
waveform. 
Since the 
output signal power is generated 
from the input side of the 
barrier, decoupling 
of the ±V ss 1 outputs will improve 
the 
signal to noise ratio. 


SYNCHRONIZATION 
OF THE INTERNAL 
OSCILLATOR 


The IS02l2P 
has an internal oscillator 
and associated 
tim- 
ing components, 
which can be synchronized, 
incorporated 
into the design. This alleviates the requirement 
for an exter- 
nal high-power 
clock driver. The typical frequency of oscil- 
lation is 50kHz. The internal clock will start when power is 
applied to the IS02l2P 
and Clk In is not connected. 


Because the frequencies 
of several IS02l2Ps 
can be margin- 


ally different, 
"beat" frequencies 
ranging from a few Hz to 
a few kHz can exist in multiple amplifier applications. 
The 
design 
of the IS02l2P 
accommodates 
"internal 
synchro- 
nous" noise, but a synchronous 
beat frequency noise will not 
be strongly attenuated, 
especially 
at very low frequencies 
if 
it is introduced via the power, signal, or potential grounding 
paths. To overcome 
this problem 
in systems where several 
IS02l2Ps 
are used, the design 
allows synchronization 
of 
each oscillator 
in a system to one frequency. 
Do this by 
forcing 
the timing node on the internal 
oscillator 
with an 


FIGURE 
4. Recommended 
Decoupling 
and Power 
Dis- 
tribution. 
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used as the master clock for the system. See Figure 6 and 7 
for connections 
in multiple IS02l2P 
installations. 


When more than one IS02l2P 
is used in synchronous 
mode, 
the charge 
which 
is returned 
from 
the timing 
capacitor 
(220pF in Figure 5) on each transition of the clock becomes 
significant. 
Figure 
7 illustrates 
a method 
of isolating 
the 
"Clk Out" clamp diodes (Figure 5) from this charge. 


A 22kO resistor (recommended 
maximum 
to use) together 
with the 39ill 
internal oscillator 
timing resistor (Figure 5) 
forms a potential divider. The ratio of these resistors should 
be greater 
than 0.6 which 
ensures 
that the input voltage 
triggers the inverter connected 
to "Clk In". If using a single 
resistor, then account must be taken of the paralleled timing 
resistors. This means that the 22kO resistor must be halved 
to drive two IS02l2Ps, 
or divided by 8 if driving 8 IS02l2Ps 
to insure that the ratio of greater than 0.6 is maintained. 
The 
series resistors shown in Figure 7 reduce the high frequency 
content of the power supply current. 
__ 


The IS02l2P 
isolation 
amplifier, 
together 
with a few low 
cost components, 
can isolate and accurately 
convert a 4-to- 
20mA input to a ±IOV output with no external adjustment. 
Its low height (0.43" (llmm) 
) and small footprint 
(2.5" 
X 
0.33" (57mm x 8mm) ) make it the solution of choice in OS' 
board spacing systems and in all applications 
where board 
area savings are critical. 


The IS02l2P 
operates from a single +15V supply and offers 
low power consumption 
and l2-bit 
accuracy. 
On the input 
side, two isolated power supplies capable of supplying 5mA 
at ±8V are available 
to power external circuitry. 


FIGURE 
5. Equivalent 
Circuit, 
Clock 
Input/Output. 
In- 
verters 
are CMOS. 
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APPLICATIONS 
FLEXIBILITY 


FIGURE 6. Oscillator Connections 
for Synchronous 
Opera- 
tion in Multiple IS0212P 
Installations. 
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FIGURE 7. Isolating the Clk Out Node. 


+VSS1 


4-20mv 
250 


In Figure 8, the IS0212P's 
+V" I isolated supply powers a 
REF200 to provide an accurate 
IOO!!Acurrent source. This 
current is opposed by an equal but opposite current through 
the 75kQ feedback resistor to establish an offset of -7.5V at 
Iin = OmA. With Iin = 4-to-20mA, 
the output is -5 to +5V. 


The ratio of the 75kQ 
and 3.12kQ 
resistors 
assures 
the 
correct gain. 


The polarity of the output can be reversed by simply revers- 
ing the OIP HI and OIP LO pins. This could be used in the 
Figure 8 circuit to change the -5V to +5V output to a +5V 
to -5V output range. 


The primary function of the output circuitry is to add gain to 
produce a ±IOV output and to reduce output impedance. 
The 
addition of a few resistors and capacitors provides a low pass 
filter 
with 
a cut-off 
frequency 
equal 
to the 
full 
signal 
bandwidth 
of the IS0212P, 
typically 
200Hz. 
The 
filter 
response is flat to IdB and rolls off from cut off at -12dB per 
octave. 


The accuracy 
of the REF200 
and external 
resistors 
elimi- 
nates the need for expensive trim pots and adjustments. 
The 
errors introduced 
by the external 
circuitry 
only add about 
10% of the IS0212P's 
specified 
gain and offset 
voltage 
error. 


{ 
4mA to 20mA } 
-lOV 
to +lOV 


(5%) 
(5%) 


{ 
4mA to 20mA } 
-5Vto +5V 
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Two-Port 
Isolated, 
Low Profile 
ISOLATED 
INSTRUMENTATION 
AMPLIFIER 


• 
GAIN RANGE: 0.5 - 5000 


• 
±10V INPUT SIGNAL RANGE 


• 
INSTRUMENTATION 
AMPLIFIER 
INPUTS 


• 
±40V INPUT OVER VOLTAGE 
PROTECTION 


• 
12-BIT ACCURACY 


• 
LOW PROFILE (Less Than 0.5" High) 


• 
SMALL FOOTPRINT 


• 
EXTERNAL 
POWER CAPABILITY 


(±14V at 3mA) 


• 
SYNCHRONIZATION 
CAPABILITY 


• 
SINGLE 
12V TO 15V SUPPLY OPERATION 


• 
LOW POWER (45mW) 


180213 
signal isolation 
amplifier 
is a member 
of a 


series of low-cost isolation products from Burr-Brown. 
The low-profile ZIP plastic package allows PCB spac- 
ings of OS' to be achieved, 
and the small footprint 
results in efficient use of board space. 


To provide isolation, the design uses high-efficiency, 
miniature toroidal transformers 
in both the signal and 
power paths. An uncommitted 
instrumentation 
ampli- 


fier on the input and an isolated external bipolar supply 
ensure the majority of input interfacing or conditioning 
needs can be met. 


• 
INDUSTRIAL 
PROCESS 
CONTROL: 
Transducer 
Channel 
Isolator for 
Thermocouples, 
RTDs, Pressure 
Bridges, Flow Meters 


• 
4mA TO 20mA LOOP ISOLATION 


• 
MOTOR AND SCR CONTROL 


• 
GROUND 
LOOP ELIMINATION 


• 
ANALYTICAL 
MEASUREMENTS 


• 
POWER PLANT MONITORING 


• 
DATA ACQUISITIONITEST 
EQUIPMENT 
ISOLATION 


• 
MULTIPLEXED 
SYSTEMS 
WITH 
CHANNEL 
TO CHANNEL 
ISOLATION 


CC=: 


s Vour 
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SPECIFICATIONS 


IS0213P 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage 
Rated Continuous 
AC.50/60Hz 
1500 
Vrms 
DC 
2120 
VDC 


Rated 1 min 
AC,50/60Hz 
2500 
Vrms 


100% Test (AC, 50Hz) 
Partial Discharge 
2500 
- 
Vrms 
1s <5pC 
Isolation·Mode 
Rejection(1j 
V,SO= Rated 
. 
I 
Continuous 
50/60Hz 
AC 
115 
dB 
DC 
160 
dB 
Barrier Resistance 
10'0 
n 
Barrier Capacitance 
15 
pF 
Leakage 
Current(2) 
Visa = 240Vrms, 60Hz 
3 
~rms 
VISO: 240Vrms, 50Hz 
2.4 
~rms 


GAIN 
Equation 
G = (1 + 50klR,,)12 
Initial Error 
G: 
0.5 
±O.2 
±3 
% FSR(8) 


Gain 
V$ Temperature 
G: 
0.5 
10 
50 
ppm of FSR/"C 
Non-linearity(3) 
Vo: 
-5Vto 
+5V, G = 0.5 
0.01 
0.025 
%FSR 


INPUT OFFSET VOLTAGE 
Offset Voltage RTI 
±0.5±25/G 
mV 
vs Temperature 
±5±35/G 
~vrc 
vs Power Supply(·) 
G: 
0.5,Vcc = 14V to 16V 
±3 
mVN 


INPUT CURRENT 
Bias 
±1 
±10 
nA 
Offset 
±1 
±10 
nA 


INPUT 
linear 
Input Range{5) 
G: 
0.5 
±10 
±12 
V 
Common-Mode 
Rejection 
VcM:±10V.IIRs: 
1kn 
G: 
0.5 
73 
, 
90 
I' 
dB 
G=5 
89 
110 
dB 
G: 
50 
98 
120 
dB 
G:500 
100 
125 
dB 
Impedance 
Differential 
10'0113 
nil 
pF 
Common-Mode 
10'0116 
nil 
pF 


OUTPUT 
OUlput Impedance 
3 
kn 
Vollage 
Load: 
lMn 
±5 
V 
Ripple Voltage(') 
f: 
clk 
1 
mVp·p 
Output Noise 
f:Ot05kHz 
20 
~V/,IHz 


FREQUENCY 
RESPONSE 
Small Signal Bandwidth 
VIN E 1Vp-p . ...,')dB, 
1 
kHz 
G = 0.5 
Full Signal Bandwidth 
V,N : 10Vp-p, ...,')dB, 
200 
Hz 
G = 0.5 
ISOLATED 
POWER OUTPUTS 
Vollage OUlputs (±Vssl(7) 
3mA 
±13 
±14 
VDC 
vs Temperature 
7 
mvrc 
vs Load 
180 
mVlmA 
Current Oulput<7! 


(Both Loaded) 
Vss: 
±13V 
3 
6 
mA 
(One Loaded) 
Vss: 
±13V 
4 
6 
mA 


POWER SUPPLIES 
Rated Vollage 
Rated Performance 
15 
V 
Voltage Range(5,9) 
11.4to 
16 
V 
Quiescent 
Current 
No Load 
3 
6 
mA 


TEMPERATURE 
RANGE 
Specification 
0 
+70 
'c 
Operating 
-25 
+85 
'C 


NOTES: (1) Isolation-mode 
rejection is the ratio of the change in output voltage to a change in isolation barrier voltage. (2) Tested at 2500Vrms 50Hz limit 25J1A(barrier 


is essentially 
capacitive). 
(3) Nonlinearity 
is the peak deviation of the output voltage from the best-fit straight line. It is expressed 
as the ratio of deviation to F8R. 


(4) Power Supply Rejection is the change in Vas/Supply 
Change. (5) See max VOUTand V,Nvs Supply Voltage in typical performance curves. (6) Ripple is the residual 
component 
of the barrier carrier frequency generated 
internally. (7) Dorated at Vcc < 15V. (8) FSR "" Full Scale Output Range". 
lOV. (9) Minimum supply voltage 
is given as 11.4V. This is the minimum supply to ensure a ±5V output swing can be achieved. The 180213 actually works down to a minimum supply of 4V as shown 
in the typical performance 
CUNe -Max VOUT and V1N vs Supply Vottage: 
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ABSOLUTE 
MAXIMUM 
RATINGS 
PIN CONFIGURATION 


Bottom View 
- 0 
+V1N 
Com 1 2 
0 
0 
3 
-V1N 
Fa 
4 
0 
0 
5 
-Vss 


+Vss 
6 
0 


0 
7 
Gs" 
GS. 
0 


0 
31 
+Vcc 


Com 2 
32 
0 


Clock Out 
34 
0 
0 
35 
Clock In 


0 
37 
ACorn 2 
VoUT38 L 


MODEL 


IS0213P 


PACKAGE 
DRAWING 


NUMBER!') 


326 


OPERATING 
TEMPERATURE 
ISOLATION 


MODEL 
PACKAGE 
RANGE 
RATING 1 MIN 


IS0213P 
38-Pin Plastic ZIP 
-25°C 
to +85°C 
2500Vrms 


Supply Voltage Without Damage 
18V 
Continuous 
Isolation 
Voltage 
Across 
Barrier 
2500Vrms 
Storage Temperature 
Range 
-25°C 
to 100°C 


Lead Temperature 
(soldering, 
105) 
+300°C 
Amplifier 
Output 
Short-Circuit 
Duration 
Continuous 
to Common 
Output Voltage to Com 2 ... 
...... ±Vcc/2 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device 
not to meet its published 
specifications. 


The information 
provided 
herein is believed 
to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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TYPICAL PERFORMANCE CURVES 


500 


Time (~s) 


+500 
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500 
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MAX 
Vour AND V,N vs SUPPLY VOLTAGE 
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TYPICAL PERFORMANCE CURVES (CONT) 
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DISCUSSION 
OF SPECIFICATIONS 


IS0213 
is intended 
for applications 
where 
isolation 
and 
input signal conditioning 
are required. 
The best signal-to- 
noise performance 
is obtained when the input amplifier gain 
setting is such that Fa pin has a full scale range of±IOV. 
The 
bandwidth 
is internally 
limited to typically 
1kHz, making 
the device 
ideal for use in conjunction 
with sensors 
that 
monitor slowly varying processes. 
To power external func- 
tions or networks, 
3mA at ±14V typical is available at the 
isolated port. 


LINEARITY 
PERFORMANCE 


IS0213 
offers non-linearity 
performance 
compatible 
with 
12-bit resolution systems (0.025%). Note that the specifica- 
tion is based on a best-fit straight line. 


INPUT PROTECTION 


The inputs oflS0213 
are individually protected for voltages 
up to ±40V. For example, a condition of -40V on one input 
and +40V on the other input will not cause damage. Internal 
circuitry on each input provides low series impedance 
under 
normal signal conditions. 
To provide equivalent 
protection, 
series input resistors would contribute excessive noise. If the 
input is overloaded, 
the protection 
circuitry limits the input 
current to a safe value of approximately 
1.5mA to SmA. The 
typical 
performance 
curve 
"Input 
Bias Current 
vs Input 
Overload 
Voltage" 
shows this input current limit behavior. 
The inputs 
are protected 
even if the power 
supplies 
are 
disconnected 
or turned off. 


USING ±Vss TO POWER 
EXTERNAL 
CIRCUITRY 


The 
DCIDC 
converter 
in IS0213 
runs 
at a switching 
frequency 
of 25kHz. 
Internal 
rectification 
and filtering 
is 


Gain 


+Vss 
-Vss 
~ 


S7AGS 


sufficient 
for most applications 
at low frequencies 
with no 
external networks connected. 


The 
unloaded 
ripple 
on ±Vss 
is typically 
IOOmVp-p at 
25kHz, which increases with loading. A capacitor of IJ.lFis 
normally sufficient for most applications, 
although in some 
cases 
10J.lF may be required. 
Noise introduced 
onto ±Vss 
should be decoupled 
to prevent degraded performance. 


IS0213 
has no galvanic connection 
between 
the input and 
output. The analog input signal is multiplied by the gain of 
the input amplifier and accurately 
reproduced 
at the output. 


A simplified 
diagram of IS0213 
is shown in Figure 2. The 
design 
consists 
of a DC/DC 
converter, 
an uncommitted 
input instrumentation 
amplifier, 
a modulator 
circuit and a 
demodulator 
circuit with a gain of 0.5. Magnetic isolation is 
provided by separate transformers 
in the power and signal 
paths. 


The DC/DC converter provides power and synchronization 
signals across the isolation barrier to operate the instrumen- 
tation amplifier 
and modulator 
circuitry. 
It also has suffi- 
cient capacity 
to power external 
input signal conditioning 
networks. 
The uncommitted 
instrumentation 
amplifier may 
be configured 
for signal buffering or amplification, 
depend- 
ing on the application. 


The modulator 
converts 
the input signal to an amplitude- 
modulated 
AC signal that is magnetically 
coupled 
to the 
demodulator 
by 
a miniature 
transformer 
providing 
the 
signal-path 
isolation. 
The demodulator 
recovers 
the input 
signal from the modulated 
signal using a synchronous 
tech- 
nique to minimize 
noise and interference. 


(;V'N =[1 +SOkn]12 
I'Noor 
AG 


VOIJT 


+Vcc 


31 


~ 
Input Ground 
Plane 


-.L Output Ground Plane 
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ABOUT THE BARRIER 


For any isolation 
product, barrier integrity is of paramount 
importance 
in achieving 
high reliability. 
150213 
uses min- 
iature 
toroidal 
transformers 
designed 
to give 
maximum 
isolation performance 
when encapsulated 
with a high dielec- 
tric-strength 
material. 
The 
internal 
component 
layout 
is 
designed 
so that circuitry 
associated 
with each side of the 
barrier is positioned 
at opposite ends of the package. Areas 


where high electric 
fields can exist are positioned 
in the 
center 
of the 
package. 
The 
result 
is that 
the dielectric 
strength of the barrier typically exceeds 3kVrms. 


ISOLATION 
VOLTAGE 
RATINGS 


Because a long term test is impractical 
in a manufacturing 


situation, 
the generally 
accepted 
practice 
is to perform 
a 
production 
test at a high voltage for some shorter time. The 
relationship 
between actual test voltage and the continuous 


derated maximum specification 
is an important one. Histori- 
cally, Burr-Brown 
has chosen 
a deliberately 
conservative 
one: VTEST = (2 X ACrms continuous rating) + lOOOVfor ten 
seconds, followed by a test at rated ACrms voltage for one 
minute. 


Recent 
improvements 
in high voltage 
stress testing 
have 
produced a more meaningful 
test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 


apply this new technology 
to the manufacture 
and testing of 
150213. 


PARTIAL 
DISCHARGE 


When an insulation 
defect such as a void occurs within an 
insulation system, the defect will display localized corona or 
ionization during exposure to high voltage stress. This ioni- 


zation requires a higher applied voltage to start the discharge 
and a lower voltage to extinguish 
it once started. The higher 
start voltage is known as the inception voltage and the lower 
voltage 
is called 
the extinction 
voltage. 
Just as the total 
insulation system has an inception voltage, so do the individ- 
ual voids. A voltage 
will build up across a void until its 


inception 
voltage 
is reached. 
At this point, the void will 
ionize, effectively 
shorting itself out. This action redistrib- 
utes electrical charge within the dielectric 
and is known as 


partial discharge. 
If the applied voltage gradient across the 
device 
continues 
to rise, another 
partial 
discharge 
cycle 
begins. 
The importance 
of this phenomenon 
is that if the 
discharge 
does not occur, the insulation 
system retains its 


integrity. If the discharge begins and is allowed to continue, 
the action of the ions and electrons 
within the defect will 
eventually 
degrade any organic insulation 
system in which 
they occur. The measurement 
of partial discharge 
is both 
useful in rating the devices and in providing 
quality control 
of the manufacturing 
process. The inception voltage of these 
voids tend to be constant, 
so that the measurement 
of total 
charge 
being redistributed 
within 
the dielectric 
is a very 
good indicator of the size of the voids and their likelihood of 
becoming 
an incipient failure. 


The bulk inception 
voltage, on the other hand, varies wi~ 


the insulation 
system and the number of ionization 
defects.~ 


This 
directly 
establishes 
the absolute 
maximum 
voltage 


(transient) 
that can be applied across the test device before 
destructive 
partial discharge 
can begin. 


Measuring 
the bulk extinction 
voltage 
provides 
a lower, 


more 
conservative, 
voltage 
from which 
to derive 
a safe 
continuous 
rating. In production, 
it's acceptable 
to measure 
at a level somewhat 
below the expected 
inception 
voltage 
and then de-rate by a factor related to expectations 
about the 


F. 
4 


GS. 
7 


-V1N 
3 
38 
Voo.rr 


+VIN 
Demodulator 


8 
37 
GS. 
ACom 2 


31 
50kHz 
+Vcc 


+Vss 
JU 
34 
ClockOul 
35 
Clock In 


-Vss 


32 
Com 2 
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system transients. The isolation barrier has been e,xtensively 
evaluated 
under 
a combination 
of high temperatures 
and 
high voltage 
to confirm 
its performance 
in this respect. 


IS0213 
is free from partial discharges 
at rated voltages. 


This test method provides far more qualitative 
information 
about stress withstand levels than did previous Strl~SStests. It 
also provides quantitative 
measurements 
from which quality 
assurance 
and control measures can be based. Tests similar 
to this test have been used by some manufacture:rs such as 
those of high voltage power distribution 
equipment for some 
time. They employed 
a simple measurement 
of RF noise to 
detect 
ionization. 
This method 
was not quantitative 
with 
regard 
to energy 
of the discharge 
and was not sensitive 
enough for small components 
such as isolation amplifiers. 


Now, however, 
manufacturers 
of HV test equipment 
have 
developed means to measure partial discharge, and VDE, the 
German standards group, has adopted use of this method for 
the testing 
of opto-couplers. 
To accommodate 
poorly 
de- 
fined transients, 
the part under test is exposed tc. a voltage 
that is 1.6 times 
the continuous 
rated 
voltage 
and must 
display <5pC partial discharge 
level in a 100% production 
test. Where transients are not present on an applied voltage 
and the bulk: inception voltage is not exceeded, degradation 
will not take place. This is the case where OEM production 
testing is performed 
to satisfy regulatory 
requirements. 
The 
normal test is to apply a relatively 
slow ramp to a defined 
test voltage. 
Maintain 
that voltage for I minute 
and then 
ramp to zero. Where this test voltage is less than or equal to 
the partial discharge test voltage it can be seen that degrada- 
tion will not occur. Hence IS0213 
is guaranteed 
to with- 
stand a continuous 
test voltage for I minute at the partial 
discharge 
test voltage. 


INSTAllATION 
AND 
OPERATING INSTRUCTIOINS 


POWER 
SUPPLY 
AND SIGNAL 
CONNECTIONS 


As with any mixed analog and digital 
signal component, 


correct decoupling 
and signal routing precautions 
must be 
used to optimize 
performance. 
Figure 
I shows the proper 
power 
supply and signal connections. 
Vcc should be by- 
passed to Com 2 with a O.11!Fceramic capacitor and loolJH 
inductor as close to the device as possible. Short leads will 
minimize 
lead inductance. 
A ground plane will al.so reduce 
noise problems. 
If a low impedance 
ground 
phme is not 
used, signal common 
lines, and ACom 
2 should be tied 
directly to the ground at the supply and Com 2 returned via 
a separate trace to the supply ground. 


To avoid gain and isolation mode (IMR) errors introduced 
by the external 
circuit, 
connect 
grounds 
as indicated 
in 
Figure 3. Layout practices associated with isolation amplifi- 
ers are very important. In particular, the capacitance 
associ- 
ated with the barrier, and series resistance in the signal and 


CeXT 1 has minimal 
effect on total IMR. 


Cexr 2 and R have a direct effect. 


C,m 


I 
1 I- 


I 


+ 
I 
I 
CEXT2 
( 


ACorn 2 


I 


Com 2 
-~ 
~_I 


CEXT1 


" 
-ir-- 


reference leads, must be minimized. 
Any capacitance 
across 
the barrier will increase AC leakage and, in conjunction 
with 
ground line resistance, 
may degrade high frequency 
IMR. 


The uncommitted 
instrumentation 
amplifier at the input can 
be used 
to provide 
gain, 
signal 
inversion, 
or current 
to 
voltage conversion. 
The standard design approach 
for any 
instrumentation 
amplifier 
stage can be used, provided 
that 
the full scale voltage appearing on FB does not exceed ± lOV. 


Also, it should be noted that the current required to drive the 
equivalent 
impedance 
of any feedback 
network 
is supplied 
by the internal 
DCIDC converter 
and must be taken into 
account when calculating 
the loading added to ±Vss. 


ISOLATED 
POWER OUTPUT 
DRIVE CAPABILITY 


On the input side of IS0213, 
there are two power supplies 
capable of delivering 3mA at ±14V typical to power external 
circuitry. When using these supplies with external loads, it 
is recommended 
that additional 
decoupling 
in the form of 
101!F tantalum 
bead capacitors, 
is added 
to improve 
the 
voltage regulation. 
Loss of linearity will result if additional 
filtering 
is not used 
with an output 
load. 
Again, 
power 
dissipated 
in a feedback 
network 
must be subtracted 
from 
the available 
power output at ±Vss. 


If IS0213 
is to be used in multiple applications, 
care should 
be taken in the design of the power distribution 
network, 


especially 
when all IS0213s 
are synchronized. 
It is best to 
use a well decoupled 
distribution 
point and to take power 
to each IS0213 from this point in a star arrangement as shown 
in Figure 4. 
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FIGURE 4. Recommended 
Decoupling 
and Power Distribu- 
tion. 


NOISE 


Output 
noise is generated 
by residual 
components 
of the 
25kHz carrier that have not been removed from the signal. 
This noise may be reduced 
by adding an output low-pass 
filter (see Figure 9). The filter time constant 
should be set 
below the carrier frequency. 
The output from IS0213 
is a 
switched 
capacitor 
and requires 
a high impedance 
load to 
prevent 
degradation 
of linearity. 
Loads of less than IMil 
will cause an increase in noise at the carrier frequency 
and 
will appear 
as ripple 
in the output 
waveform. 
Since the 
output signal power is generated 
from the input side of the 
barrier, 
decoupling 
of the ±V ss outputs 
will improve 
the 
signal to noise ratio. 


SYNCHRONIZATION 
OF THE INTERNAL 
OSCILLATOR 


IS0213 
has an internal 
oscillator 
and associated 
timing 
components, 
which can be synchronized. 
This alleviates the 
requirement 
for an external 
high-power 
clock chiver. The 
typical frequency of oscillation 
is 50kHz. The internal clock 
will start when power is applied to IS0213 
and Clk In is not 
connected. 


Because 
the oscillator 
frequency 
of each IS0213 
can be 
marginally 
different, "beat" frequencies 
ranging from a few 
Hz to a few kHz can exist in multiple amplifier applications. 
The design 
of IS0213 
accommodates 
"internal 
synchro- 


nous" noise, but a synchronous 
beat frequency noise will not 
be strongly attenuated, 
especially 
at very low frequencies 
if 
it is introduced 
via the power, signal, or potential grounding 
paths. To overcome 
this problem in systems where several 


IS0213s 
are used, the design allows synchronization 
of each 
oscillator 
in a system to one frequency. 
Do this by forcing 
the timing node on the internal oscillator 
with an external 


driver connected to Clk In (Figure 5). The driver may be an 
external component 
with Series 4000 CMOS characteristics, 
or one IS0213 
in the system can be used as the master clock 
for the system. An alternative 
where a specific frequency is 
not required 
is to lock all IS0213s 
together 
by joining 
all 
Clk Ins. This method 
can be used to lock an unlimited 


number of IS0213s. 
See Figure 6, 7, and 8 for connections 
in multiple IS0213 
installations. 


Clock 
Clamp 


Out 
Diodes 


FIGURE 5. Equivalent Circuit, Clock Input/Output. 
Inverters 
are CMOS. 


IS0213PlMa.ler 


+vcc 
ClkOut 
Clkln 
Com 2 


IS0213PISIave 


+Vcc 
ClkOut 
Clkln 
Com2 


IS0213PISIave 


+Vcc 
ClkOut 
Clkln 
Com 2 


FIGURE 6. Oscillator Connections 
for Synchronous 
Opera- 
tion in Multiple IS0213P 
Installations. 
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FIGURE 7. Isolating the Clk Out Node. 
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CHARGE 
ISOLATION 


When more than one IS0213 
is used in synchronous 
mode, 


the charge 
which 
is returned 
from 
the timing 
capacitor 
(220pF in Figure 5) on each transition of the clock becomes 
significant. 
Figure 
7 illustrates 
a method 
of isolating 
the 
"Clk Out" clamp diodes (Figure 5) from this charge. 


A 22kn resistor (recommended 
maximum) together with the 
39kQ internal oscillator 
timing resistor (Figure 5) forms a 
potential 
divider. 
The ratio 
of these 
resistors 
should 
be 
greater than 0.6 which ensures that the input voltage triggers 
the inverter connected to "Clk In". If using a single resistor, 
then account must be taken of the paralleled timing resistors. 
This means that the 22kn 
resistor must be halved to drive 
two IS0213s, 
or divided by 8 if driving 8 IS0213s 
to insure 
that the ratio of greater than 0.6 is maintained. 
The series 
resistors 
shown 
in Figure 
7 
reduce 
the high frequency 
content of the power supply current. Figure 8 can be used 
where a specific frequency 
of operation 
is not required. 


IS0213 
isolation 
amplifier, 
together 
with a few low cost 
components, 
can isolate and accurately convert a 4-to-20mA 
input to a ±lOV output with no external adjustment. 
Its low 
height (0.43" (llmm) 
) and small footprint 
(2.5" x 0.33" 
(57mm x 8mm) ) make it the solution of choice in OS' board 
spacing 
systems 
and in all applications 
where board area 
savings are critical. 


IS0213 
operates from a single +15V supply and offers low 
power consumption 
and 12-bit accuracy. On the input side, 


4-20m~ 
250 


two isolated power supplies 
capable of supplying 
3mA at 
±14V typical are available to power external circuitry. 


APPLICATIONS 
FLEXIBILITY 


In Figure 9, IS0213 
+Vss isolated supply powers a REF200 
to provide an accurate 200~ 
current source. This current is 
used 
via 
the 
1.5kQ 
resistor 
to 
set 
the 
output 
to 
-5V 
at 4mA input. 


The primary function of the output circuitry is to add gain, 
to produce a ±IOV output and to reduce output impedance. 
The addition of a few resistors and capacitors provides a low 
pass filter with a cutoff frequency 
equal to the full signal 
bandwidth 
of IS0213, 
typically 200Hz. The filter response 
is flat to IdB and rolls off from cut off at -12dB per octave. 


The accuracy 
of REF200 
and external resistors 
eliminates 
the need for expensive trim pots and adjustments. 
The errors 


introduced 
by the external circuitry only add about 10% of 
IS0213 
specified 
gain and offset voltage error. 


{ 
4mA to 20mA } 
-10Vto 
+10V 


{ 
4mA to 20mA } 


-"'V to +5V 
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SEEBECK 
ISA 
COEFFICIENT 
TYPE 
MATERIAL 
Il1VI"C) 
R1,R2 


E 
+ Chromel 
58.5 
66.5kU 


- Constantan 


J 
+ Iron 
50.2 
76.8kU 


- Constantan 


K 
+ Chromel 
39.4 
97.6kU 


-Alumel 


T 
+ Copper 
38.0 
102kQ 


- Constantan 
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3 Wire 
PT100 


-200·C to 850·C 


BURR - BROWN8 


Burr-Brown Ie Data Book-Linear 
Products 
1E3E31 


;3 
~ 


'" 
~ 


1:1 
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Precision, Powered, Three-Port Isolated 
BUFFER AMPLIFIER 


• 
RATED 
1500Vrms 
Continuous 
2500Vrms 
for One Minute 


.100% 
TESTED 
FOR PARTIAL 
DISCHARGE 


• 
LOW NONLINEARITY: 
±O.Ol% typ 


• 
INPUT PROTECTED 
TO ±100V 


• 
BIPOLAR 
OPERATION: 
Vo = ±10V 


• 
SYNCHRONIZATION 
CAPABILITY 


• 
28-PIN PLASTIC 
DIP: 
0.6" Wide 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Transducer 
Isolator, 
Thermocouple 
Isolator, 
RTD Isolator, 
Pressure 
Bridge 
Isolator, 
Flow Meter Isolator 


• 
POWER MONITORING 


• 
MEDICAL 
INSTRUMENTATION 


• 
ANALYTICAL 
MEASUREMENTS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
GROUND 
LOOP ELIMINATION 


150253 is a precision three-port isolated buffer ampli- 
fier 
incorporating 
a novel 
duty 
cycle 
modulation- 


demodulation 
technique 
and has excellent 
accuracy. 


The input is protected 
to withstand 
±IOOV without 


damage. 
The signal is transmitted 
digitally 
across a 
differential capacitive barrier. With digital modulation 
the barrier characteristics 
do not affect signal integrity. 


This 
results 
in excellent 
reliability 
and good 
high 


frequency 
transient 
immunity 
across the barrier. The 


DCIDC converter, amplifier and barrier capacitors are 
housed in a plastic DIP. 


This amplifier 
is easy to use as no external 
compo- 


nents are required. 
A power supply range of 11V to 
l8V makes this amplifier 
ideal for a wide range of 
applications. 


26 
Com1 
Com2 
13 


28 


+VS1 
+VS2 
12 


27 
-VS1 
-vS2 
11 


25 
GND1 
GND2 
10 
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SPECIFICATIONS 


At TA'" +25°C, VS3 = 15V, RL = 2kQ, and 220nF capacitors on all generated supplies, unless otherwise noted. 


IS0253P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage Rated Continuous: 
AC 
TM1N to Tw.x 
1500 
Vrms 


100% Test (AC 50Hz) 
1s; Partial Discharge $ 5pC 
2500 
Vrms 


Rated One Min 
2500 
Vrms 


Isolation-Mode 
Rejection 


DC 
120 
dB 
AC 50Hz 
1500Vrms 
95 
dB 
Barrier Impedance 
10"112 
fillpF 


Leakage Current 
VISO = 240Vrms, 50Hz 
1.4 
2 
~rms 


GAIN 
Nominal Gain 
1 
VN 


Gain Error 
0.15 
±O.3 
% 


Gain vs Temperature 
15 
ppml"C 
Nonlinearity 
0.01 
±O.l 
% 


INPUT OFFSET VOLTAGE 
C") 


Initial Offset 
±100 
mV 
It) 


vs Temperature 
150 
~VI"C 
N 


vs Supply 
1 
mVN 
0 


INPUT 
~ 
Voltage Range 
±10 
±15 
V 


Resistance 
200 
kn 


OUTPUT 
Voltage Range 
±10 
V 
Current Drive 
±5 
mA 
Capacitive 
Load Drive 
0.1 
~F 
(J) 
Ripple Voltage 
25 
mVp-p 


FREQUENCY 
RESPONSE 
l- 


Smail Signal Bandwidth 
50 
kHz 
0 


Slew Rate 
0.25 
V/~s 
;:) 


Settling Time, 0.1% 
50 
~s 
C 
POWER SUPPLIES 
0 
Rated Voltage 
15 
V 
a: 
Voltage Range 
11 
18 
V 
D. 
Quiescent Current 
25 
40 
55 
mA 


Rated Output Vollage 
No Load 
13 
14.5 
V 
Z 
SOmA Load On Two Supplies 
12 
13.2 
16 
V 
0 
Load Regulation 
28 
mVimA 


Line Regulation 
1 
VN 
fi 


SYNC Frequency 
1.4 
MHz 
Output Voltage Ripple 
50 
mV 
..J 


TEMPERATURE 
RANGE 
0 
Operating 
--40 
85 
"C 
Storage 
--40 
85 
"C 
~ 
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Supply Voltage 
. 
+18V 
V,•• Analog Input Voltage Range. 
. 
±100V 


Com1 to GND1 . 
.. 
. 
±1V 
Com2 to GND2 . 
. 
±1V 


Continuous 
Isolation Voltage: 
1500Vrms 


.................................... 
. 
2500Vrms 
one min 
IMV, dv/dt 
. 
2okV/~ 
Junction Temperature 
150°C 
Storage Temperature.. 
. 
-40°C 
to +85°C 
Lead Temperature 
(soldering, 
los) 
+300'C 


Output Short Duration 
Continuous 
to Common 
A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 


and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


27 -Vs! 


26 
Com1 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


IS0253P 
28·Pin Plastic DIP 
335 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BUAA·BAOWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BUAA·BAOWN 
does not authorize 
or warrant 
any BURR·BROWN 
product for use in life support 
devices 
and/or 
systems. 
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TYPICAL PERFORMANCE CURVES 


ISOLATION LEAKAGE CURRENT YS FREQUENCY 


PSRR YS FREQUENCY 
(V : 240Vrms) 


80 
,- 
- 
- 
- 
lk 


60 f- 
= 
- 
f- 


"\ 


~ 


100 
m 
:!1- 
a: 
40 I- 
- 
- 
r- 
11. 
a: 
'" 
E 
0- 
I'-- 
~ 
10 


20 f- 
- 


0'- 
- 


1 
10 
100 
1K 
10K 
100K 
10 
100 
lk 
10k 
lOOk 


Frequency (Hz) 
Frequency (Hz) 


10 
o 


-10 


-20 
m -30 
:!1- 
~ 
-40 


~ 
--50 


~O 


-70 


~O 


-90 
o 
lOOk 
200k 
300k 
400k 
500k 
600k 
700k 
800k 


Frequency (Hz) 


'\ 


"\ 
'\ 


I'\. 


"\ 


\ 
\ 
/ 


\ 
I 
\ 


SINE RESPONSE 
SINE RESPONSE 


(1: 1kHz) 
(I: 
10kHz) 


!~l2VSJ!~l2VSJ 
i_~ 
P:V\] i_~k0ZSJ 


a 
500 
1000 
1500 
2000 
0 
50 
100 
150 
200 


Time (~s) 
Time (~s) 
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For Immediate Assistance, Contact YourLocal Salesperson 
TYPICAL PERFORMANCE CURVES (CO NT) 


I 
f:O 
I i-lZ 
\ 


500 


Time (~s) 


40 
60 
80 


Time (~s) 


60 


40 


CD 
20 
:!l. 


.~ 


C!l 
0 


-20 


-40 


G:1 


'" 
2.1k 
N 1.0k 
~ 
co 
~ 
~ 
.::.:. 100 
ill 
Q. 


Max DC IRa:i~g 


I I 
.! 
'I. I II MaxAC 
- 
Rating 


Degraded 


Performance 


I 
.1\ 


~I 
Typical 
1- 


Performance 
..~ 


IIII 
IIII 
I 


..- ..,.; 


100 
1k 
10k 


Frequency (Hz) 


10k 
lOOk 
1M 


Frequency (Hz) 
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BASIC OPERATION 


IS0253 
is a precision, 
powered, 
three-port 
isolated buffer 
amplifier. 
The input and output 
sections 
are galvanically 
isolated by matched and EMI shielded capacitors 
built into 
the plastic 
package. 
The DCIDC 
converter 
input 
is also 
galvanically 
isolated 
from both the input and output sup- 
plies. 


SIGNAL AND POWER CONNECTIONS 


Figure 
I shows proper power and signal connections. 
The 
power 
supply 
input pin +VS3 should be bypassed 
with a 
2.2lJF tantalum capacitor and the outputs VSl and VS2 with 
220nF ceramic capacitors located as close to the amplifier as 
possible. 
All ground 
connections 
should be run indepen- 
dently to a common 
point. Signal Common 
on both input 
and output 
sections 
provide 
a high-impedance 
point 
for 
sensing 
signal 
ground 
in noisy 
applications. 
Coml 
and 
Com2 must have a path to ground for signal current returns 
and should be maintained 
within ± IV of GND I and GND2 
respectively. 


INPUT PROTECTION 


The input of the buffer amplifier is protected for voltages up 
to ±lOOV. The input is a 200kQ 
resistor 
to the summing 
node of the input amplifier. 


DC/DC CONVERTER 


IS0253 
provides a reliable solution to the need for integral 


power. The high isolation rating being achieved 
by careful 
design 
and attention 
to the physical 
construction 
of the 
transformer. 
In addition to the high dielectric strength a low 
leakage coating increases 
the isolation 
voltage range. The 
soft 
start 
oscillator/driver 
design 
eliminates 
high 
inrush 
currents during turn-on. Input current sensing protects both 
the converter 
and the load from possible 
thermal 
damage 
during a fault condition. 
The DCIDC 
converter 
is synchro- 
nized to the amplifier and when multiple IS0253's 
are used, 
each channel can be synchronized 
via the SYNC pin. 


The DCIDC 
converter 
consists of a free-running 
oscillator, 
control 
and switch driver circuitry, 
MOSFET 
switches, 
a 
transformer, 
rectifier 
diodes 
and filter capacitors 
all con- 
tained 
within 
the IS0253 
package. 
The control 
circuitry 
consists 
of current limiting, 
soft start and synchronization 
features. In instances where several IS0253's 
are used in a 
system, beat frequencies 
developed 
between 
the IS0253' 
s 
are a potential 
source of low frequency 
noise in the supply 
M 
and ground paths. This noise may couple into the signal path 
Lt') 
and can be avoided by synchronizing 
the individual IS0253's 
N 
together by tying the SYNC pins together or using the circuit 0 
in Figure 2 to drive the SYNC pins from an external source. 
~ 


When connecting 
up to eight IS0253's 
without a driver the 
5 


unit with the highest natural frequency 
will determine 
the 
synchronized 
running frequency. The SYNC pin is sensitive 
to capacitive 
loading: 
150pF or less is recommended. 
If 
unused, the SYNC pin should be left open. Avoid shorting 
the 
SYNC 
pin 
directly 
to ground 
or supply 
potentials; 


otherwise 
damage may result. 


Com2 
13 


+VS2 
12 
+15VoUT 
-VS2 
11 


+15VoUT 
-15VoUT 
-15VOUT 
25 
GND1 
GND2 
10 


FIGURE 
1. Basic Connections. 
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Soft start circuitry 
protects 
the MOSFET 
switches 
during 
startup. This is accomplished 
by holding the gate-to-source 
voltage of both MOSFET 
switches 
low until the free-run- 
ning oscillator 
is fully operational. 
In addition, 
soft start 
circuitry and input current sensing also protects the switches. 
This current limiting keeps the MOSFET switches operating 
in their safe operating 
area under fault conditions 
or exces- 
sive loads. When either of these conditions 
occur, the peak 
input current exceeds a safe limit. The result is an approxi- 
mate 5% duty cycle, 300~ 
drive period to the MOSFET 
switches. 
This protects 
the internal 
MOSFET 
switches 
as 
well as the external load from any thermal damage. When 
the fault or excessive load is removed, the converter resumes 
normal 
operation. 
A delay period 
of approximately 
50~ 
incorporated 
in the current 
sensing 
circuitry 
allows 
the 
output 
filter capacitors 
to fully charge after a fault is re- 
moved. This delay period corresponds 
to a filter capacitance 
of no more 
than 
1!JF at either 
of the output 
pins. This 
provides 
full protection 
of the MOSFET 
switches and also 
sufficiently 
filters 
the output 
ripple 
voltage. 
The current 
sensing circuitry 
is designed 
to provide thermal protection 
for the MOSFET 
switches 
over the operating 
temperature 
range as well. When these conditions 
are exceeded, the unit 
will go into its shutdown 
mode. 


The total current 
which 
can be drawn 
from each output 
supply on the IS0253 
is a function of the total power drawn 
from all outputs. For example if three outputs are not used 
then maximum current can be drawn from one output. In all 
cases, the total maximum current that can be drawn from any 
combination 
of outputs is: 


111+1 + 111-1 + 112+1 + 112-1 S:50mA 


+VS3' GND3 


The waveform 
of the ground return current is an 800kHz 
sawtooth. A capacitor between +VS3 and GND3 provides a 


means.) 
Normal 
power 
down of the +VS3 
supply 
is not 
considered 
instantaneous. 
Should 
a rapid 
break 
in input 
power occur the internal 
transformers 
voltage will rapidly 
rise to maintain current flow and may cause internal damage 
to the IS0253. 


SYNCHRONIZED 
OPERATION 


IS0253 
can be synchronized 
to an external 
signal source. 


This capability 
is useful 
in eliminating 
troublesome 
beat 
frequencies 
in multi-channel 
systems 
and in rejecting 
AC 
signals and their harmonics. 
To use this feature, tie all sync 
pins together or apply an external signal to the SYNC pin. 
IS0253 
can be synchronized 
to an external oscillator 
over 
the range 1-1.4MHz (this corresponds 
to a modulation 
fre- 
quency of 500kHz to 700kHz as SYNC is internally divided 
by 2). 


CARRIER 
FREQUENCY 
CONSIDERATIONS 


IS0253 
amplifiers transmit the signal across the ISO-barrier 
by a duty-cycle 
modulation 
technique. 
This system works 
like any linear amplifier for input signals having frequencies 
below one half the carrier frequency, fe. For signal frequen- 
cies above fel2, the behavior 
becomes 
more complex. 
The 
"Signal Response vs Carrier Frequency" 
performance 
curve 
describes 
this behavior 
graphically. 
The upper curve illus- 
trates the response for input signals varying from DC to fel 
2. At input frequencies 
at or above fe/2, the device generates 
an output signal component 
that varies in both amplitude 
and frequency, 
as shown 
by the lower curve. 
The lower 
horizontal 
scale 
shows 
the periodic 
variation 
in the fre- 
quency 
of the output component. 
Note that at the carrier 
frequency 
and its harmonics, 
both the frequency 
and ampli- 
tude of the response go to zero. These characteristics 
can be 
exploited 
in certain applications. 


It should be noted that for the IS0253, 
the carrier frequency 
is nominally 
400kHz and the -3dB point of the amplifier is 
50kHz. 
Spurious 
signals 
at the output 
are not significant 
under these circumstances 
unless the input signal contains 
significant 
components 
above 200kHz. 


When periodic noise from external sources such as system 
clocks and DCIDC converters 
is a problem, 
IS0253 
can be 
used to reject this noise. The amplifier can be synchronized 
to an external frequency 
source, fEXT' placing the amplifier 
response curve at one of the frequency 
and amplitude 
nulls 
indicated 
in the "Signal 
Response 
vs Carrier 
Frequency" 


performance 
curve. 


ISOLATION 
MODE VOLTAGE 


Isolation 
Mode 
Voltage 
(IMV) 
is the voltage 
appearing 
between isolated grounds GND 1 and GND2. The IMV can 
induce errors at the output as indicated by the plots of IMV 
vs Frequency. 
It should be noted that if the IMV frequency 
exceeds fd2, the output will display spurious outputs in a 
manner 
similar to that described 
above, and the amplifier 
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Kesponse 
vs Carner 
t<requency" pertormance 
curve. ThIS 
occurs 
because 
IMV-induced 
errors 
behave 
like 
input- 
referred error signals. To predict the total IMR, divide the 
isolation voltage by the IMR shown in "IMR vs Frequency" 
performance 
curve and compute 
the amplifier 
response 
to 
this input-referred 
error signal from the data given in the 
"Signal Response vs Carrier Frequency" 
performance 
curve. 


Due to effects of very high-frequency 
signals, typical IMV 
performance 
can 
be achieved 
only 
when 
dV/dT 
of the 
isolation 
mode voltage 
falls below 
lOOOV/~. For conve- 
nience, 
this is plotted 
in the typical 
performance 
curves 
for the IS0253 
as a function of voltage and frequency 
for 
sinusoidal 
voltages. 
When 
dV/dT 
exceeds 
lOOOV/~ 
but 
falls below 20kV/~, 
performance 
may be degraded. At rates 
of change above 20kV/~, 
the amplifier 
may be damaged, 


but the barrier retains its full integrity. Lowering 
the power 
supply 
voltage 
below 
l5V 
may 
decrease 
the dV/dT 
to 
500V I~ 
for typical performance, 
but the maximum 
dVIdT 
of 20kV/~ 
remains unchanged. 


Leakage current is determined 
solely by the impedance 
of 
the barrier and transformer 
capacitance 
and is plotted in the 
"Isolation 
Leakage Current vs Frequency" 
curve. 


Because a long-term 
test is impractical 
in a manufacturing 
situation, 
the generally 
accepted 
practice 
is to perform 
a 
production 
test at a higher voltage for some shorter time. 
The relationship 
between actual test voltage and the continu- 
ous derated maximum 
specification 
is an important 
one. 


Historically, 
Burr-Brown 
has chosen a deliberately 
conser- 
vative 
one: VTEST 
= (2 x ACrms 
continuous 
rating) 
+ 
lOOOV for 10 seconds, 
followed 
by a test at rated ACrms 
voltage 
for one minute. 
This choice 
was appropriate 
for 
conditions 
where system transients 
are not well defined. 


Recent 
improvements 
in high-voltage 
stress testing 
have 
produced a more meaningful 
test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 
apply this new technology 
in the manufacture 
and testing of 
the IS0253. 


Partial Discharge 


When an insulation 
defect such as a void occurs within an 
insulation system, the defect will display localized corona or 
ionization 
during exposure to high-voltage 
stress. This ion- 
ization 
requires 
a higher 
applied 
voltage 
to 
start 
the 
discharge 
and lower voltage to maintain it or extinguish 
it 
once 
started. 
The 
higher 
start 
voltage 
is known 
as the 
inception 
voltage, while the extinction 
voltage is that level 
of voltage stress at which the discharge 
ceases. Just as the 
total insulation 
system has an inception 
voltage, so do the 
individual 
voids. A voltage will build up across a void until 
its inception voltage is reached, at which point the void will 
ionize, effectively 
shorting itself out. This action redistrib- 
utes electrical charge within the dielectric 
and is known as 
partial 
discharge. 
If, as is the case with AC, the applied 
voltage gradient across the device continues to rise, another 


BURR-BROWN" 
IElElI 


phenomenon 
IS that, It the dIscharge 
does not occur, 
the 
insulation 
system retains its integrity. 
If the discharge 
be- 
gins, and is allowed to continue, 
the action of the ions and 
electrons 
within 
the defect 
will eventually 
degrade 
any 
organic insulation system in which they occur. The measure- 
ment of partial discharge is still useful in rating the devices 
and providing quality control of the manufacturing 
process. 


The inception voltage for these voids tends to be constant, so 
that the measurement 
of total charge 
being redistributed 
within the dielectric is a very good indicator of the size of the 
voids and their likelihood 
of becoming 
an incipient failure. 


The bulk inception 
voltage, on the other hand, varies with 
the insulation 
system, and the number of ionization 
defects 
and directly establishes the absolute maximum voltage (tran- 
sient) 
that can be applied 
across 
the test device 
before 
destructive 
partial discharge can begin. Measuring 
the bulk 
extinction voltage provides a lower, more conservative 
volt- 
age 
from 
which 
to derive 
a safe 
continuous 
rating. 
In 
production, 
measuring 
at a level somewhat 
below the ex- 
pected 
inception 
voltage 
and then de-rating 
by a factor 
related 
to expectations 
about 
system 
transients 
is an ac- 
cepted practice. 


Partial Discharge 
Testing 
__ 


Not only does this test method provide far more qualitative 
information 
about stress-withstand 
levels than did previous 
stress tests, but it provides quantitative 
measurements 
from 
which quality assurance and control measures can be based. 
Tests similar to this test have been used by some manufac- 
turers, 
such 
as those 
of high-voltage 
power 
distribution 
equipment, 
for some 
time, 
but they employed 
a simple 
measurement 
of RF noise to detect ionization. 
This method 
was not quantitative 
with regard to energy of the discharge, 


and was not sensitive enough for small components 
such as 
isolation 
amplifiers. 
Now, however, 
manufacturers 
of HV 
test equipment 
have developed 
means 
to quantify 
partial 
discharge. 
VDE in Germany, 
an acknowledged 
leader 
in 
high-voltage 
test standards, 
has developed 
a standard 
test 
method 
to apply this powerful 
technique. 
Use of partial 
discharge 
testing is an improved method for measuring 
the 
integrity of an isolation barrier. 


To accommodate 
poorly-defined 
transients, 
the part under 
test is exposed 
to voltage that is 1.6 times the continuous- 
rated voltage 
and must display 
less than or equal to 5pC 
partial discharge 
level in a 100% production 
test. 


The IS0253 
isolation amplifiers are used in three categories 
of applications: 


• Accurate 
isolation 
of signals 
from high voltage 
ground 
potentials 


• Accurate isolation of signals from severe ground noise and 


• Fault protection 
from high voltages 
in analog 
measure- 
ments 


-lVIO 
additional 
channels 
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Precision, Powered, Three-Port Isolated 
PROGRAMMABLE GAIN AMPLIFIER 


• 
RATED 
1500Vrms 
Continuous 


2500Vrms 
for One Minute 
100% TESTED 
FOR PARTIAL 
DISCHARGE 


• 
PROGRAMMABLE 
GAINS OF 


1,10,100,1000 


• 
LOW NONLINEARITY: 
±O.Ol% typ 


• 
LOW INPUT BIAS CURRENT: 
±5nA max 


• 
LOW INPUT OFFSET VOLTAGE: 
625lJ.V max 


• 
INPUTS PROTECTED 
TO ±40V 


• 
BIPOLAR 
OPERATION: 
Vo = ±10V 


• 
SYNCHRONIZATION 
CAPABILITY 


• 
28-PIN PLASTIC 
DIP: 
0.6" Wide 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Transducer 
Isolator, Thermocouple 
Isolator, 
RTD Isolator, 
Pressure 
Bridge 
Isolator, 
Flow Meter Isolator 


• 
POWER MONITORING 


• 
MEDICAL 
INSTRUMENTATION 


• 
ANALYTICAL 
MEASUREMENTS 


• 
BIOMEDICAL 
MEASUREMENTS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
GROUND 
LOOP ELIMINATION 


150254 
is a precision 
three-port 
isolated 
program- 
mable gain instrumentation 
amplifier 
incorporating 
a 
novel duty cycle modulation-demodulation 
technique 
and has excellent 
accuracy. 
Internal 
input protection 
can withstand 
up to ±40V input differential 
without 
damage. 
The signal is transmitted 
digitally 
across a 
differential capacitive barrier. With digital modulation 
the barrier characteristics 
do not affect signal integrity. 


This 
results 
in excellent 
reliability 
and good 
high 
frequency 
transient 
immunity 
across the barrier. The 
DCIDC converter, amplifier and barrier capacitors 
are 
housed in a plastic DIP. 


This amplifier 
is easy to use as no external 
compo- 
nents are required. 
A power supply range of II V to 
l8V makes this amplifier 
ideal for a wide range of 
applications. 
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IS0254P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage Rated Continuous: 


AC 
TM1N to T MAX 
1500 
Vrms 
100% Test (AC 50Hz) 
1s; Partial Discharge ~ 5pC 
2500 
Vrms 


Rated One Min 
2500 
Vrms 


Isolation-Mode 
Rejection 
DC 
120 
dB 
AC 50Hz 
1500Vrms 
95 
dB 


Barrier 
Impedance 
10"112 
nil pF 
Leakage 
Current 
VISO = 240Vrms, 50Hz 
1.4 
2 
~rms 


GAIN 
Gain Error 
G = 1 
0.15 
±O.3 
% 


G = 10 
0.15 
G = 100 
0.15 
±O.3 
% 


G = 1000 
0.2 


Gain vs Temperature 
G=1 
±15 
ppm/"C 


G = 10 
±15 
ppm/'C 
G = 100 
±15 
ppm/'C 


G = 1000 
±15 
ppm/"C 


Nonlinearity 
G=1 
±O.01 
±0.102 
% 


G = 10 
±O.01 
G = 100 
0.01 
±0.104 
% 


G = 1000 
±O.Ot 


INPUT OFFSET VOLTAGE 
Initial Offset 
±(0.125+101/G) 
mV 


vs Temperature 
±(1 + 510/G) 
jJ.V/'C 


CMRR 
90 
dB 


vs Supply 
1 
mVN 


INPUT 
Vo~age Range 
±10 
V 


Bias Current 
±5 
nA 


vs Temperature 
±8 
pA/"C 


Offset Current 
±5 
nA 


vs Temperature 
±8 
pA/"C 


OUTPUT 
Vo~age Range 
±10 
V 


Current Drive 
±5 
mA 
Capacitive 
Load Drive 
0.1 
jJ.F 
Ripple Voltage 
25 
mVp·p 


FREQUENCY 
RESPONSE 
Small Signal Bandwidth 
G=1 
50 
kHz 
G = 10 
30 
kHz 


G = 100 
10 
kHz 


G = 1000 
t 
kHz 


Slew Rate 
0.5 
V/jJ.s 


Settling Time, 0.1% 
G=l 
80 
jJ.S 


G = 10 
380 
jJ.s 


G = 100 
490 
jJ.s 


G = 1000 
1650 
jJ.s 


POWER SUPPLIES 
Rated Voltage 
15 
V 


Voltage Range 
11 
18 
V 


Quiescent Current 
25 
40 
55 
mA 
Rated Output Vo~age 
No Load 
13 
14.5 
V 


50mA Load On Two Supplies 
12 
13.2 
16 
V 


Load Regulation 
35 
mV/mA 
Line Regulation 
1 
VN 


SYNC Frequency 
1 
1.4 
MHz 
Output Voltage Ripple 
50 
mV 


TEMPERATURE 
RANGE 
Operating 
-40 
85 
'C 


Storage 
-40 
85 
'C 
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Supply Voltage.. 
. 
+18V 
V,N, Analog Input Voltage Range. 
. 
±40V 
Com1 to GND1 . 
.. 
±1V 
Com2 to GND2 
±1V 


Continuous 
Isolation Voltage 
1500Vrms 


................................................................................... 
2500Vrms 
one min 


IMV, dv/dt.. 
.. 
20kVllJS 


Junction Temperature 
150°C 


Storage 
Temperature 
. 
-400C 
to +85°C 
Lead Temperature (soldering, 10s).. 
. +300°C 
Output 
Short Duration 
Continuous 
to Common 
A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 


and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


27 -VS, 


26 
Com1 


17 
GND3 


16 
SYNC 


MODEL 


IS0254P 


PACKAGE 
DRAWING 


NUMBER(" 


335 


PACKAGE 


2B-Pin Plastic DIP 
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The information 
provided 
herein is believed 
to be reliable: 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
arB subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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For Immediate Assistance, Contact YourLocal Salesperson 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 
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=>f 
-2 
-75 
-50 


maDle-gam 
amplifier. 
1ne mput 
and output 
sectIOns are 
galvanically 
isolated by matched and EMI shielded capaci- 


tors built into the plastic 
package. 
The DCIDC converter 
input is also galvanically 
isolated from both the input and 
output supplies. 


SIGNAL AND POWER CONNECTIONS 


Figure 
I shows proper power and signal connections. 
The 
power 
supply input pin +VS3 should be bypassed 
with a 


2.21JF tantalum capacitor and the outputs Vs I and VS2 with 
220nF ceramic capacitors located as close to the amplifier as 
possible. 
All ground 
connections 
should 
be run indepen- 


dently to a common 
point. Signal Common 
on the output 


section provides 
a low-impedance 
point for sensing signal 
ground in noisy applications. 
Coml 
and Com2 must have a 
path 
to ground 
for signal 
current 
return 
and should 
be 
maintained 
within ±I V of GNDI 
and GND2 respectively. 


GAIN 
Al 
AO 


1 
0 
0 
10 
0 
1 
100 
1 
0 
1000 
1 
1 


supplies). 
As' the--~~;~~t ~~l;~ge ';~c;~~~e;:h~;~~:r:'ili~ 


linear input range will be limited by the output voltage swing 
of the internal 
amplifiers. 
Thus, the linear common-mode 
range is related to the output voltage of the complete 
input 
amplifier-see 
performance 
curves "Input Common-Mode 
Range vs Output Voltage." 


A combination 
of common-mode 
and 
differential 
input 
voltage can cause the output voltage of the internal amplifi- 
ers to saturate. For applications 
where input common-mode 
range must be maximized, 
limit the output voltage swing by 
selecting a lower gain of the programmable-gain 
input. 


Input-overload 
can produce an output voltage that appears 


normal. For example, an input voltage of +20V on one input 
and +40V on the other input will exceed the linear common- 
mode 
range 
of both 
input 
amplifiers. 
Since 
both 
input 
amplifiers 
are saturated 
to nearly the same output voltage 
limit, the difference 
voltage measured 
by the output ampli- 
fier will be near zero. The output of the programmable-gain 
amplifier 
will be near OV even 
though 
both 
inputs 
are 
overloaded. 


2 


150254 


4 +VIN 
+ 


VOUT 
14 
VOUT 
PGA 


3 -V1N 


26 
Coml 
Com2 
13 


28 
+VS1 
+VS2 
12 
+15VQUT 
+15VoUT 
27 -VS1 
-v•• 
11 


-15VouT 
-15VoUT 


25 
GNDl 
GND2 
10 
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INPUT PROTECTION 


The inputs of the programmable-gain 
amplifiers 
are indi- 
vidually protected for voltages up to ±40V. Internal circuitry 
on each input provides low series impedance 
under normal 


signal conditions. 
If the input is overloaded, 
the protection 
circuitry 
limits the input current 
to a safe value (approxi- 
mately 
1.5mA). The inputs are protected 
even if no power 
supply is present. 


DC/DC CONVERTER 


IS0254 
provides a reliable solution to the need for integral 
power. The high isolation rating being achieved by careful 
design 
and attention 
to the physical 
construction 
of the 
transformer. 
In addition to the high dielectric strength a low 
leakage 
coating increases 
the isolation 
voltage range. The 


soft start 
oscillator/driver 
design 
eliminates 
high 
inrush 
currents during turn-on. Input current sensing protects both 
the converter 
and the load from possible 
thermal 
damage 
during a fault condition. 
The DCIDC converter 
is synchro- 
nized to the amplifier and when multiple IS0254's 
are used, 
each channel can be synchronized 
via the SYNC pin. 


The DCIDC converter 
consists of a free-running 
oscillator, 


control 
and switch 
driver circuitry, 
MOSFET 
switches, 
a 
transformer, 
rectifier 
diodes 
and filter capacitors 
all con- 
tained 
within 
the IS0254 
package. 
The control 
circuitry 
consists 
of current 
limiting, 
soft start and synchronization 
features. In instances where several IS0254' 
s are used in a 


system, beat frequencies 
developed 
between 
the IS0254's 
are a potential source of low frequency 
noise in the supply 
and ground paths. This noise may couple into the signal path 
and can be avoided by synchronizing 
the individual IS0254's 


together by tying the SYNC pins together or using the circuit 
in Figure 2 to drive the SYNC pins from an external source. 


IS02S4 


15 


"7" 
IS02S4 


16 
15 


17 


To Other 
IS0254's 


When connecting 
up to eight IS0254's 
without a driver the 
unit with the highest 
natural frequency 
will determine 
the 


synchronized 
running frequency, The SYNC pin is sensitive 
to capacitive 
loading: 
l50pF 
or less is recommended. 
If 
unused, the SYNC pin should be left open. Avoid shorting 
the 
SYNC 
pin directly 
to ground 
or supply 
potentials; 


otherwise 
damage may result. 


Soft start circuitry 
protects 
the MOSFET 
switches 
during 
startup. This is accomplished 
by holding the gate-to-source 


voltage of both MOSFET 
switches 
low until the free-run- 
ning oscillator 
is fully operational. 
In addition, 
soft start 
circuitry and input current sensing also protects the switches. 
This current limiting keeps the MOSFET switches operating 
in their safe operating area under fault conditions 
or exces- 
sive loads. When either of these conditions 
occur, the peak 
input current exceeds a safe limit. The result is an approxi- 
mate 5% duty cycle, 300llS drive period 
to the MOSFET 
switches. 
This protects 
the internal 
MOSFET 
switches 
as 


well as the external 
load from any thermal damage, When 
the fault or excessive load is removed, the converter resumes 
normal 
operation. 
A delay period 
of approximately 
50llS 
incorporated 
in the current 
sensing 
circuitry 
allows 
the 
output 
filter capacitors 
to fully charge 
after a fault is re- 
moved. This delay period corresponds 
to a filter capacitance~ 


of no more 
than 
lllf at either 
of the output 
pins. 
This" 


provides 
full protection 
of the MOSFET 
switches and also 
sufficiently 
filters 
the output 
ripple 
voltage. 
The current 
sensing circuitry is designed 
to provide thermal protection 
for the MOSFET 
switches 
over the operating 
temperature 
range as well. When these conditions 
are exceeded, the unit 
will go into its shutdown 
mode. 


OUTPUT CURRENT 
RATINGS 


The total current 
which 
can be drawn 
from each output 
supply on the IS0254 
is a function of the total power drawn 
from all outputs. For example if three outputs are not used 
then maximum current can be drawn from one output. In all 
cases, the total maximum current that can be drawn from any 
combination 
of outputs is: 


+VS3, GND3 


The waveform 
of the ground return current 
is an 800kHz 
sawtooth. A capacitor between +VS3 and GND3 provides 
a 
bypass for the AC portion of this current. The power should 
never be instantaneously 
interrupted 
to the IS0254 
(i.e., a 
break in the line to +VS3 either 
by accidental 
or switch 
means.) 
Normal 
power 
down of the +VS3 supply 
is not 
considered 
instantaneous. 
Should 
a rapid 
break 
in input 
power occur the internal transformers 
voltage will rapidly 
rise to maintain current flow and may cause internal damage 
to the IS0254. 
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SYNCHRONIZED 
OPERATION 


IS0254 
can be synchronized 
to an external 
signal source. 
This capability 
is useful 
in eliminating 
troublesome 
beat 
frequencies 
in multi-channel 
systems 
and in rejecting 
AC 
signals and their harmonics. 
To use this feature, tie all sync 
pins together 
or apply an external signal to the SYNC pin. 
IS0254 
can be synchronized 
to an external oscillator 
over 
the range 1-1.4MHz (this corresponds 
to a modulation 
fre- 
quency of 500kHz to 700kHz as SYNC is internally divided 
by 2). 


CARRIER 
FREQUENCY 
CONSIDERATIONS 


IS0254 
amplifiers transmit the signal across the ISO-barrier 
by a duty-cycle 
modulation 
technique. 
This system works 
like any linear amplifier for input signals having frequencies 
below one half the carrier frequency, fe. For signal frequen- 
cies above fel2, the behavior becomes 
more complex. The 
"Signal Response vs Carrier Frequency" 
performance 
curve 
describes 
this behavior 
graphically. 
The upper curve illus- 
trates the response for input signals varying from DC to fd 
2. At input frequencies 
at or above fd2, the device generates 
an output signal component 
that varies in both amplitude 
and frequency, 
as shown 
by the lower curve. 
The lower 
horizontal 
scale 
shows 
the periodic 
variation 
in the fre- 
quency 
of the output 
component. 
Note that at the carrier 
frequency 
and its harmonics, 
both the frequency and ampli- 
tude of the response go to zero. These characteristics 
can be 
exploited 
in certain applications. 


It should be noted that for the IS0254, 
the carrier frequency 
is nominally 
400kHz and the -3dB point of the amplifier is 
50kHz. 
Spurious 
signals 
at the output 
are not significant 
under these circumstances 
unless the input signal contains 
significant 
components 
above 200kHz. 


When periodic noise from external sources such as system 
clocks and DCIDC converters are a problem, IS0254 
can be 
used to reject this noise. The amplifier can be synchronized 
to an external frequency 
source, fEXT' placing the amplifier 
response curve at one of the frequency 
and amplitude nulls 
indicated 
in the "Signal 
Response 
vs Carrier 
Frequency" 


performance 
curve. 


ISOLATION 
MODE VOLTAGE 


Isolation 
Mode 
Voltage 
(IMV) 
is the voltage 
appearing 
between isolated grounds GND I and GND2. The IMV can 
induce errors at the output as indicated by the plots of IMV 
vs Frequency. 
It should be noted that if the IMV frequency 
exceeds fd2, the output will display spurious outputs in a 
manner 
similar to that described 
above, and the amplifier 
response 
will be identical 
to that shown 
in the "Signal 
Response 
vs Carrier 
Frequency" 
performance 
curve. This 
occurs 
because 
IMV -induced 
errors 
behave 
like 
input- 
referred 
error signals. To predict the total IMR, divide the 
isolation voltage by the IMR shown in "IMR vs Frequency" 
performance 
curve and compute 
the amplifier 
response 
to 
this input-referred 
en-or signal from the data given in the 


"Signal Response vs Carrier Frequency" 
performance 
curve. 


Due to effects of very high-frequency 
signals, typical IMV 
performance 
can be achieved 
only 
when 
dVIdT 
of the 
isolation 
mode voltage 
falls below 
lOooV/IJS. 
For conve- 
nience, 
this is plotted 
in the typical 
performance 
curves 


for the IS0254 
as a function of voltage and frequency 
for 
sinusoidal 
voltages. 
When 
dV/dT 
exceeds 
lOOOV/1JSbut 
falls below 20kV/IJS, performance 
may be degraded. At rates 
of change above 20kV/IJS, the amplifier 
may be damaged, 
but the barrier retains its full integrity. Lowering 
the power 
supply 
voltage 
below 
15V may 
decrease 
the dV/dT 
to 
500V IIJS for typical performance, 
but the maximum 
dV IdT 
of 20kV/IJS remains 
unchanged. 


Leakage current is determined 
solely by the impedance 
of 
the barrier and transformer 
capacitance 
and is plotted in the 


"Isolation 
Leakage Current vs Frequency" 
curve. 


ISOLATION 
VOLTAGE 
RATINGS 


Because 
a long-term 
test is impractical 
in a manufacturing 
situation, 
the generally 
accepted 
practice 
is to perform 
a 
production 
test at a higher voltage for some shorter time. 
The relationship 
between actual test voltage and the continu- 
ous derated maximum 
specification 
is an important 
one. 


Historically, 
Burr-Brown 
has chosen a deliberately 
conser- 
vative 
one: VTEST 
= (2 
X ACrms 
continuous 
rating) + 
lOOOV for 10 seconds, 
followed 
by a test at rated ACrms 
voltage 
for one minute. 
This choice 
was appropriate 
for 
conditions 
where system transients 
are not well defined. 


Recent 
improvements 
in high-voltage 
stress testing 
have 
produced a more meaningful 
test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 
apply this new technology 
in the manufacture 
and testing of 
the IS0254. 


Partial Discharge 


When an insulation 
defect such as a void occurs within an 
insulation system, the defect will display localized corona or 
ionization during exposure to high-voltage 
stress. This ion- 
ization 
requires 
a higher 
applied 
voltage 
to start 
the 
discharge 
and lower voltage to maintain 
it or extinguish 
it 
once 
started. 
The 
higher 
start 
voltage 
is known 
as the 
inception 
voltage, while the extinction 
voltage is that level 
of voltage stress at which the discharge 
ceases. Just as the 
total insulation 
system has an inception 
voltage, so do the 
individual 
voids. A voltage will build up across a void until 
its inception voltage is reached, at which point the void will 
ionize, effectively 
shorting itself out. This action redistrib- 
utes electrical charge within the dielectric 
and is known as 


partial 
discharge. 
If, as is the case with AC, the applied 
voltage gradient across the device continues to rise, another 
partial 
discharge 
cycle 
begins. 
The 
importance 
of this 
phenomenon 
is that, if the discharge 
does not occur, the 
insulation 
system retains its integrity. 
If the discharge 
be- 


gins, and is allowed to continue, 
the action of the ions and 
electrons 
within 
the defect 
will eventually 
degrade 
any 
organic insulation system in which they occur. The measure- 
ment of partial discharge is still useful in rating the devices 
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measurement 
of RF noise to detect ionization. 
This method 
was not quantitative 
with regard to energy of the discharge, 


and was not sensitive enough for small components 
such as 


isolation 
amplifiers. 
Now, however, 
manufacturers 
of HV 
test equipment 
have developed 
means 
to quantify 
partial 
discharge. 
VDE in Germany, 
an acknowledged 
leader 
in 
high-voltage 
test standards, 
has developed 
a standard 
test 
method 
to apply this powerful 
technique. 
Use of partial 
discharge 
testing is an improved method for measuring 
the 
integrity of an isolation barrier. 


To accommodate 
poorly-defined 
transients, 
the part under 
test is exposed to voltage that is 1.6 times the continuous- 
rated voltage and must display 
less than or equal to 5pC 
partial discharge 
level in a 100% production 
test. 


and providing quality control of the manufacturing 
process. 
The inception voltage for these voids tends to be constant, so 
that the measurement 
of total charge 
being redistributed 
within the dielectric is a very good indicator of the size of the 
voids and their likelihood 
of becoming 
an incipient failure. 


The bulk inception 
voltage, on the other hand, varies with 
the insulation 
system, and the number of ionization 
defects 
and directly establishes the absolute maximum voltage (tran- 
sient) 
that can be applied 
across 
the test device 
before 
destructive 
partial discharge can begin. Measuring 
the bulk 
extinction voltage provides a lower, more conservative 
volt- 
age 
from 
which 
to derive 
a safe continuous 
rating. 
In 
production, 
measuring 
at a level somewhat 
below the ex- 
pected 
inception 
voltage 
and then de-rating 
by a factor 
related 
to expectations 
about 
system 
transients 
is an ac- 
cepted practice. 


The IS0254 
isolation amplifiers are used in three categories 
of applications: 


• Accurate 
isolation 
of signals 
from high voltage 
ground 
potentials 


Partial Discharge 
Testing 


Not only does this test method provide far more qualitative 
information 
about stress-withstand 
levels than did previous 
stress tests, but it provides quantitative 
measurements 
from 
which quality assurance and control measures can be based. 
Tests similar to this test have been used by some manufac- 
turers, 
such 
as those 
of high-voltage 
power 
distribution 
equipment, 
for some 
time, 
but they employed 
a simple 


• Accurate isolation of signals from severe ground noise and 


• Fault protection 
from high voltages 
in analog 
measure •• 
ments 
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Precision, Powered, Three-Port Isolated 
INSTRUMENTATION AMPLIFIER 


• 
RATED 
1500Vrms 
Continuous 
2500Vrms 
for One Minute 
100% Tested 
for Partial 
Discharge 


• 
GAINS OF 1 TO 10,000 


• 
LOW NONLINEARITY: 
±O.05% typ 


• 
LOW INPUT BIAS CURRENT: 
±10nA 
max 


• 
LOW INPUT OFFSET VOLTAGE 


• 
INPUTS PROTECTED 
TO ±40V 


• 
BIPOLAR 
OPERATION 
Vo = ±10V 


• 
SYNCHRONIZATION 
CAPABILITY 


• 
28-PIN PLASTIC 
DIP: 
0.6" Wide 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Transducer 
Isolator, 
Thermocouple 
Isolator, 
RTD Isolator, 
Pressure 
Bridge 
Isolator, 
Flow Meter Isolator 


• 
POWER MONITORING 


• 
MEDICAL 
INSTRUMENTATION 


• 
ANALYTICAL 
MEASUREMENTS 


• 
BIOMEDICAL 
MEASUREMENTS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
GROUND 
LOOP ELIMINATION 


IS02SS 
is a precision three-port isolated instrumenta- 
tion amplifier incorporating 
a novel duty cycle modu- 
lation-demodulation 
technique and has excellent accu- 
racy. Internal 
input protection 
can withstand 
up to 


±40V input differential 
without damage. The signal is 


transmitted 
digitally 
across 
a differential 
capacitive 


barrier. With digital modulation 
the barrier character- 


istics do not affect 
signal integrity. 
This results 
in 


excellent reliability and good high frequency transient 
immunity 
across the barrier. The DC/DC 
converter, 


amplifier and barrier capacitors are housed in a plastic 
DIP. 


A power 
supply 
range 
of llV 
to l8V 
makes 
this 
amplifier 
ideal for a wide range of applications. 
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At TA = +25°C, 
VS3 = 15V, RL = 2kQ, and 220nF 
capacitors 
on all generated 
supplies, 
unless otherwise 
noted. 


IS0255P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage Rated Continuous: 
AC 
TMIN 
to TMAx 
1500 
Vrms 


100% Test (AC 50Hz) 
1s; Partial Discharge ~ 5pC 
2500 
Vrms 


Rated One Min 
2500 
Vrms 


Isolation~Mode Rejection 
DC 
120 
dB 


AC 50Hz 
1500Vrms 
95 
dB 


Barrier Impedance 
1014112 
nil pF 
Leakage 
Current 
VISO = 240Vrms, 50Hz 
1.4 
W\rms 


GAIN 


Gain Equation 
1 + 50krl/RG 
VN 


Gain Error 
G= 1 
0.15 
±0.35 
% 


G = 10 
0.15 
G= 100 
0.15 
±0.95 
% 


G = 1000 
0.2 
U') 
Gain vs Temperature 
G=l 
±50 
ppm/oC 
U') 
G = 10 
±50 
ppm/oC 
N 
G = 100 
±50 
ppm/oC 
0 
G = 1000 
±50 
ppm/oC 
CJ) 
Nonlinearity 
G=l 
±0.05 
±0.102 
% 


G= 10 
±0.05 
G = 100 
±0.05 
±0.104 
% 


G = 1000 
±0.05 


INPUT OFFSET VOLTAGE 


Initial Offset 
± (0.125 + 101/G) 
mV 


vs Temperature 
± (1 + 520/G) 
~V/oC 
CJ) 
CMRR 
90 
dB 
vs Supply 
1 
mVN 
~ 


INPUT 
(.) 


Voltage Range 
±10 
V 
::::) 


Bias Current 
±10 
nA 
C 
vs Temperature 
±40 
pArC 
0 
Offset Current 
±10 
nA 
a: 
vs Temperature 
±40 
pArC 


OUTPUT 
a. 


Voltage Range 
±10 
V 
Z 
Current 
Drive 
±5 
mA 
0 
Capacitive 
Load Drive 
0.1 
~F 
Ripple Voltage 
25 
mVp-p 
~ 
FREQUENCY 
RESPONSE 
Small Signal Bandwidth 
G = 1 
50 
kHz 
..J 


G= 10 
50 
kHz 
0 
G= 100 
30 
kHz 
CJ) 
G = 1000 
4 
kHz 
Slew Rate 
G= 10 
0.2 
V/~s 


Settling Time, 0.1 % 
G = 1 
20 
~s 


G= 10 
20 
~s 


G = 100 
30 
~s 


G = 1000 
240 
~s 


POWER SUPPLIES 
Rated Voltage 
15 
V 


Voltage Range 
11 
18 
V 


Quiescent 
Current 
25 
40 
55 
mA 
Rated Output Voltage 
No Load 
13 
14.5 
V 


50mA Load On Two Supplies 
12 
13.2 
16 
V 


Load Regulation 
28 
mV/mA 


Line Regulation 
1 
V/V 


SYNC Frequency 
1.4 
MHz 
Output Voltage Ripple 
50 
mV 


TEMPERATURE 
RANGE 


Operating 
-40 
85 
°C 


Storage 
-40 
85 
°c 
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Supply Voltage 
. 
+18V 
V1N• Analog Input Voltage 
Range 
±40V 
Comlto 
GND1 
. 
±lV 
Com2to 
GND2 
±1V 


Continuous 
Isolation 
Voltage: 
1500Vrms 
................................................................................... 
2500Vrms 
one min 
IMV, dv/dt 
20kV/JlS 
Junction Temperature 
150°C 
Storage Temperature 
-40°C to +85°C 
Lead Temperature 
(soldering, 
10s) 
+300°C 
Output 
Short Duration 
Continuous 
to Common 


A 
ELECTROSTATIC 
J.a. DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 


parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 
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DRAWING 
NUMBER<') 
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The information 
provided herein is believed 
to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
oromissions. 
BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 
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mentation 
amplifier. The input and output sections are gal- 
vanically isolated by matched and EMI shielded capacitors 
built into the plastic package. The DCIDC converter input is 
also galvanically 
isolated 
from both the input and output 
supplies. 


Figure 
I shows proper power and signal connections. 
The 
power 
supply 
input pin +VS3 should be bypassed 
with a 
2.21JF tantalum capacitor and the outputs VS1 and VS2 with 
220nF ceramic capacitors located as close to the amplifier as 
possible. 
All ground 
connections 
should be run indepen- 
dently to a common 
point. 
Signal Common 
on the input 
section provides 
a low-impedance 
point for sensing signal 
ground in noisy applications. 
Coml 
and Com2 must have a 
path 
to ground 
for signal 
current 
return 
and 
should 
be 
maintained 
within ±IV of GNDI 
and GND2 respectively. 


SETTING 
THE GAIN 


Gain of the IS0255 
is set by a single external resistor, Ro, 
connected 
between pins I and 2: 


+15VOUT 


-15VoUT 


4 
+VtN 


1 
+RG 


RG 
-RG 


-V1N 


26 
Com1 


28 
+VS1 


27 
-VS1 


25 
GND1 


FIGURE 
1. Basic Connections. 
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The linear common-mode 
range of the input circuitry of the 
IS0255 
is approximately 
±14V 
(or 
IV from 
the power 
supplies). 
As the output voltage increases. 


However, the linear input range will be limited by the output 
voltage 
swing of the internal 
amplifiers. 
Thus, 
the linear 
common-mode 
range is related to the output voltage of the 
complete 
input amplifier-see 
performance 
curves 
"Input 
Common-Mode 
Range vs Output Voltage." 


A combination 
of common-mode 
and 
differential 
input 
voltage can cause the output voltage of the internal amplifi- 
ers to saturate. For applications 
where input common-mode 
range must be maximized, 
limit the output voltage swing by 
selecting a lower input gain. 


Input -overload 
can produce 
an output voltage that appears 
normal. For example, an input voltage of +20V on one input 
5 


and +40V on the other input will exceed the linear common- 
mode 
range 
of both 
input 
amplifiers. 
Since 
both 
input 
amplifiers 
are saturated 
to nearly the same output voltage 
limit, the difference 
voltage measured by the output ampli- 
fier will be near zero. The output 
of the instrumentation 
amplifier 
will be near OV even 
though 
both 
inputs 
are 
overloaded. 


aosOlUle valUes. 1ne accuracy ano remperamre coerflclem or 
these resistors 
are included 
in the gain accuracy 
and drift 
specifications 
of the IS0255. 


Com2 
13 


+VS2 
12 


-VS2 
11 
+15VoUT 


GND2 
10 
-15VoUT 


INPUT PROTECTION 


The inputs of the amplifier 
are individually 
protected 
for 
voltages up to ±40V. Internal circuitry 
on each input pro- 
vides low series impedance 
under normal signal conditions. 


If the input is overloaded, 
the protection circuitry limits the 
input current 
to a safe value (approximately 
1.5mA). The 
inputs are protected 
even if no power supply is present. 


DCfDC CONVERTER 


IS0255 
provides a reliable solution to the need for integral 
power. The high isolation rating being achieved 
by careful 
design 
and attention 
to the physical 
construction 
of the 
transformer. 
In addition to the high dielectric strength a low 
leakage coating 
increases 
the isolation 
voltage range. The 
soft 
start 
oscillator/driver 
design 
eliminates 
high 
inrush 
currents during turn-on. Input current sensing protects both 
the converter 
and the load from possible 
thermal 
damage 
during a fault condition. 
The DCIDC converter 
is synchro- 
nized to the amplifier and when multiple IS0255's 
are used, 
each channel can be synchronized 
via the SYNC pin. 


The DCIDC converter 
consists of a free-running 
oscillator, 


control 
and switch driver circuitry, 
MOSFET 
switches, 
a 
transformer, 
rectifier 
diodes 
and filter capacitors 
all con- 
tained 
within 
the IS0255 
package. 
The control 
circuitry 
consists 
of current 
limiting, 
soft start and synchronization 
features. In instances where several IS0255' 
s are used in a 
system, beat frequencies 
developed 
between 
the IS0255's 
are a potential 
source of low frequency 
noise in the supply 
and ground paths. This noise may couple into the signal path 
and can be avoided by synchronizing 
the individual IS0255's 
together by tying the SYNC pins together or using the circuit 
in Figure 2 to drive the SYNC pins from an external source. 


150255 


15 


-::- 
150255 


16 
15 


17 


To Other 
150255', 


When connecting 
up to eight IS0255's 
without a driver the 
unit with the highest natural frequency 
will determine 
the 
synchronized 
running frequency. The SYNC pin is sensitive 
to capacitive 
loading: 
l50pF 
or less is recommended. 
If 


unused, the SYNC pin should be left open. Avoid shorting 
the 
SYNC 
pin 
directly 
to ground 
or supply 
potentials; 
otherwise 
damage may result. 


Soft start circuitry 
protects 
the MOSFET 
switches 
during 
startup. This is accomplished 
by holding the gate-to-source 
voltage of both MOSFET 
switches 
low until the free-run- 


ning oscillator 
is fully operational. 
In addition, 
soft start 
circuitry and input current sensing also protects the switches. 
This current limiting keeps the MOSFET switches operating 
in their safe operating area under fault conditions 
or exces- 
sive loads. When either of these conditions 
occur, the peak 
input current exceeds a safe limit. The result is an approxi- 
mate 5% duty cycle, 300~ 
drive period 
to the MOSFET 
switches. 
This protects 
the internal 
MOSFET 
switches 
as 
well as the external load from any thermal damage. 
When 
the fault or excessive load is removed, the converter resumes 
normal 
operation. 
A delay period 
of approximately 
50~ 
incorporated 
in the current 
sensing 
circuitry 
allows 
the 
output 
filter capacitors 
to fully charge after a fault is re- 
moved, This delay period corresponds 
to a filter capacitance 
of no more 
than 
l~ 
at either 
of the output 
pins. This 
provides full protection 
of the MOSFET 
switches 
and also 
sufficiently 
filters 
the output 
ripple 
voltage. 
The current 
sensing circuitry is designed 
to provide thermal protection 
for the MOSFET 
switches 
over the operating 
temperature 
range as well. When these conditions 
are exceeded, the unit 
will go into its shutdown 
mode. 


The total current 
which 
can be drawn 
from each output 
supply on the IS0255 
is a function of the total power drawn 
from all outputs. For example if three outputs are not used 
then maximum current can be drawn from one output. In all 
cases, the total maximum current that can be drawn from any 
combination 
of outputs is: 


11,+ I + II,J 
+ 112+I + I12J 
~ 50mA 


+V53, GND3 


The waveform 
of the ground 
return current 
is an 800kHz 
sawtooth. 
A capacitor between +VS3 and GND3 provides a 


bypass for the AC portion of this current. The power should 
never be instantaneously 
interrupted 
to the IS0255 
(Le., a 
break in the line to +VS3 either 
by accidental 
or switch 
means.) 
Normal 
power 
down 
of the +VS3 
supply 
is not 
considered 
instantaneous. 
Should 
a rapid 
break 
in input 
power occur the internal transformers 
voltage will rapidly 
rise to maintain current flow and may cause internal damage 
to the IS0255. 


SYNCHRONIZED 
OPERATION 


IS0255 
can be synchronized 
to an external 
signal source, 


This capability 
is useful 
in eliminating 
troublesome 
beat 
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frequencies 
in multi-channel 
systems 
and in rejecting 
AC 
signals and their harmonics. 
To use this feature, tie all sync 
pins together or apply an external signal to the SYNC pin. 
IS0255 
can be synchronized 
to an external oscillator 
over 
the range 1-1.4MHz (this corresponds 
to a modulation 
fre- 


quency of 500kHz to 700kHz as SYNC is internally divided 
by 2). 


CARRIER 
FREQUENCY 
CONSIDERATIONS 


IS0255 
amplifiers transmit the signal across the ISO-barrier 
by a duty-cycle 
modulation 
technique. 
This system works 
like any linear amplifier for input signals having frequencies 
below one half the carrier frequency, fe. For signal frequen- 
cies above fd2, the behavior becomes 
more complex. The 
"Signal Response vs Carrier Frequency" 
performance 
curve 
describes 
this behavior graphically. 


It should be noted that for the IS0255, 
the carrier frequency 
is nominally 
400kHz and the -3dB point of the amplifier is 
60kHz. 
Spurious 
signals 
at the output 
are not significant 
under these circumstances 
unless the input signal contains 
significant 
components 
above 200kHz. 


When periodic 
noise from external sources such as system 
clocks and DCIDC converters are a problem. IS0255 
can be 


used to reject this noise. The amplifier can be synchronized 
to an external frequency 
source, fEXT, placing the amplifier 
response curve at one of the frequency 
and amplitude 
nulls 
indicated 
in the "Signal 
Response 
vs Canier 
Frequency" 


performance 
curve. 


ISOLATION 
MODE VOLTAGE 


Isolation 
Mode 
Voltage 
(lMV) 
is the voltage 
appearing 
between 
isolated 
grounds 
GNDI 
and 
GND2. 
IMV 
can 
induce errors at the output as indicated by the plots of IMV 
vs Frequency. 
It should be noted that if the IMV frequency 
exceeds fel2, the output will display spurious outputs, and 
the amplifier response will be identical to that shown in the 
"Signal Response vs Carrier Frequency" 
performance 
curve. 


This occurs because IMV-induced 
errors behave like input- 


referred error signals. To predict the total IMR, divide the 
isolation voltage by the IMR shown in "IMR vs Frequency" 
performance 
curve and compute 
the amplifier 
response 
to 
this input-referred 
error signal from the data given in the 
"Signal Response vs Carrier Frequency" 
performance 
curve. 


Due to effects of very high-frequency 
signals, typical IMV 
performance 
can 
be achieved 
only 
when 
dV/dT 
of the 
isolation 
mode voltage 
falls below 
IOOOV/liS.For conve- 


nience, 
this is plotted 
in the typical 
performance 
curves 
for the IS0255 
as a function of voltage and frequency 
for 


sinusoidal 
voltages. 
When 
dV/dT 
exceeds 
lOOOV/liS but 


falls below 20kV/liS, performance 
may be degraded. At rates 
of change above 20kV/liS, the amplifier 
may be damaged, 


but the barrier retains its full integrity. Lowering the power 
supply 
voltage 
below 
l5V 
may 
decrease 
the dV/dT 
to 
5OOV/liSfor typical performance, 
but the maximum 
dV/dT 
of 20kV/liS remains 
unchanged. 


Leakage current is determined 
solely by the impedance 
of 
the barrier and transformer 
capacitance 
and is plotted in the 
"Isolation 
Leakage Current vs Frequency" 
curve. 


ISOLATION 
VOLTAGE 
RATINGS 


Because a long-term 
test is impractical 
in a manufacturing 
situation, 
the generally 
accepted 
practice 
is to perform 
a 
production 
test at a higher voltage for some shorter time. 
The relationship between actual test voltage and the continu- 
ous derated maximum 
specification 
is an important 
one. 


Historically, 
Burr-Brown 
has chosen a deliberately 
conser- 
vative 
one: VTEST 
= (2 x ACrms 
continuous 
rating) + 
lOOOV for 10 seconds, 
followed 
by a test at rated ACrms 
voltage 
for one minute. 
This choice 
was appropriate 
for 
conditions 
where system transients 
are not well defined. 


Recent 
improvements 
in high-voltage 
stress testing 
have 


produced a more meaningful 
test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 
apply this new technology 
in the manufacture 
and testing of 


the IS0255. 


Partial Discharge 


When an insulation 
defect such as a void occurs within an~ 


insulation system, the defect will display localized corona or~ 
ionization during exposure to high-voltage 
stress. This ion- 
ization 
requires 
a higher 
applied 
voltage 
to 
start 
the 
discharge 
and lower voltage to maintain 
it or extinguish 
it 
once 
started. 
The 
higher 
start 
voltage 
is known 
as the 
inception 
voltage, while the extinction 
voltage is that level 
of voltage stress at which the discharge 
ceases. Just as the 
total insulation 
system has an inception 
voltage, 
so do the 


individual 
voids. A voltage will build up across a void until 
its inception voltage is reached, at which point the void will 
ionize, effectively 
shorting 
itself out. This action redistrib- 


utes electrical charge within the dielectric 
and is known as 
partial 
discharge. 
If, as is the case with AC, the applied 
voltage gradient across the device continues to rise, another 
partial 
discharge 
cycle 
begins. 
The 
importance 
of this 
phenomenon 
is that, if the discharge 
does not occur, 
the 
insulation 
system retains its integrity. 
If the discharge 
be- 


gins, and is allowed to continue, the action of the ions and 
electrons 
within 
the defect 
will eventually 
degrade 
any 
organic insulation system in which they occur. The measure- 
ment of partial discharge is still useful in rating the devices 
and providing quality control of the manufacturing 
process. 


The inception voltage for these voids tends to be constant, so 
that the measurement 
of total charge 
being 
redistributed 
within the dielectric is a very good indicator of the size of the 
voids and their likelihood 
of becoming 
an incipient failure. 


The bulk inception 
voltage, on the other hand, varies with 


the insulation system, and the number of ionization 
defects 
and directly establishes the absolute maximum voltage (tran- 
sient) 
that can be applied 
across 
the test device 
before 


destructive 
partial discharge can begin. Measuring 
the bulk 
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extinction voltage provides a lower, more conservative 
volt- 


age 
from 
which 
to derive 
a safe 
continuous 
rating. 
In 
production, 
measuring 
at a level somewhat 
below the ex- 


pected 
inception 
voltage 
and then de-rating 
by a factor 


related 
to expectations 
about system 
transients 
is an ac- 


cepted practice. 


Partial Discharge 
Testing 


Not only does this test method provide far more qualitative 
information 
about stress-withstand 
levels than did previous 


stress tests, but it provides quantitative 
measurements 
from 
which quality assurance and control measures can be based. 
Tests similar to this test have been used by some manufac- 
turers, 
such 
as those 
of high-voltage 
power 
distribution 


equipment, 
for some 
time, 
but they employed 
a simple 
measurement 
of RF noise to detect ionization. 
This method 


was not quantitative 
with regard to energy of the discharge, 


and was not sensitive enough for small components 
such as 
isolation 
amplifiers. 
Now, however, 
manufacturers 
of HV 
test equipment 
have developed 
means 
to quantify 
partial 


1IJF Tantalum 
~ 


discharge. 
VDE in Germany, 
an acknowledged 
leader in 
high-voltage 
test standards, 
has developed 
a standard 
test 
method 
to apply 
this powerful 
technique. 
Use of partial 
discharge 
testing is an improved 
method for measuring 
the 
integrity of an isolation barrier. 


To accommodate 
poorly-defined 
transients, 
the part under 


test is exposed to voltage that is 1.6 times the continuous- 
rated voltage and must display 
less than or equal to 5pC 
partial discharge 
level in a 100% production 
test. 


APPLICATIONS 


The 150255 isolation amplifiers are used in three categories 
of applications: 


• Accurate 
isolation 
of signals 
from high voltage 
ground 
potentials 


• Accurate isolation of signals from severe ground noise and 


• Fault protection 
from high voltages 
in analog 
measure- 
ments 


-VS1 
+R" 
-RG 


+V1N 


100kO 


YOUT 
14 
YOUT 


10kO 


3 -V1N 


150255 


28 
+VS1 
Com2 
I 220nF 
27 
12 
-VS1 
+VS2 


11 


220nF 


-VS2 


26 
0.1~F 
Com1 


25 
10 
GND1 
GND2 
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Precision, Powered, Three-Port Isolated 
OPERATIONAL AMPLIFIER 


• 
RATED 
1500Vrms 
Continuous 


2500Vrms 
for One Minute 


.100% 
TESTED 
FOR PARTIAL 
DISCHARGE 


• 
LOW NONLINEARITY: 
±O.05% typ 


• 
LOW INPUT BIAS CURRENT: 
±5nA max 


• 
INPUTS PROTECTED 
TO ±30V 


• 
BIPOLAR 
OPERATION 
Vo = ±10V 


• 
SYNCHRONIZATION 
CAPABILITY 


• 
28-PIN PLASTIC 
DIP: 
0.6" Wide 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
Transducer 
Isolator, Thermocouple 
Isolator, 
RTD Isolator, 
Pressure 
Bridge 
Isolator, 
Flow Meter Isolator 


• 
POWER MONITORING 


• 
MEDICAL 
INSTRUMENTATION 


• 
ANALYTICAL 
MEASUREMENTS 


• 
BIOMEDICAL 
MEASUREMENTS 


• 
DATA ACQUISITION 


• 
TEST EQUIPMENT 


• 
GROUND 
LOOP ELIMINATION 


150256 
is a precision three-port 
isolation operational 
amplifier 
incorporating 
an uncommitted 
operational 
amplifier for input conditioning 
and a novel duty cycle 
modulation-demodulation 
technique 
which has excel- 


lent accuracy. Internal input protection 
can withstand 


up to ±30Y input differential 
without 
damage. 
The 
signal 
is transmitted 
digitally 
across 
a differential 
capacitive barrier. With digital modulation 
the barrier 
characteristics 
do not affect signal integrity. 
This re- 
sults in excellent reliability 
and good high frequency 
transient 
immunity 
across 
the barrier. 
The DC/DC 
converter, 
amplifier and barrier capacitors 
are housed 
in a plastic DIP. 


A power 
supply 
range 
of llY 
to l8Y 
makes 
this 


amplifier ideal for a wide range of applications. 


26 
Com1 


28 
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27 
-VS1 
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SPECIFICATIONS 


IS0256P 


PARAMETER 
CONOmONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage 
Rated 
Continuous: 
AC 
TM1N to TMAX 
1500 
Vrms 
1000/0Test (AC 50Hz) 
1s; Partial Discharge S 5pC 
2500 
Vrms 


Rated One Minute 
2500 
Vrms 


Isolation-Mode 
Rejection 
DC 
120 
dB 
AC 50Hz 
1500Vrms 
95 
dB 


Barrier 
Impedance 
10"112 
QllpF 
leakage 
Current 
, ~ 
VISO : 240Vrms, SOHz 
1.4 
2 
IlArms 


GAIN ISO AMP 


Gain 
Error 
G=1 
0.15 
±O.3 
0/0 


Gain 
vs Temperature 
G=1 
±SO 
ppm/"C 


Nonlinearity 
G:1 
, 
0.046 
±O.l 
0/0 


INPUT OFFSET VOLTAGE 
OP AMP 
In~ial Offset 
60 
~V 
vs Temperature 
±1.2 
~V/"C 
vs Supply 
3 
~VN 
CMRR 
115 
dB 


INPUTOPAMP 
VoUage Range 
±10 
V 
Bias Current 
±5 
nA 


vs Temperature 
±60 
pAi"C 


Offset Current 
±5 
nA 


vs Temperature 
, 
±B5 
pAi"C 


INPUT ISO AMP 
Initial Offset 
±SO 
±1oo 
mV 
vs Supply 
1 
mVN 


Input ResistallC8 
200 
k!l 


OUTPUT ISO AMP 


.-, 


VoUage Range 
±10 
V 
Current 
Drive 
±5 
mA 
Capacrtive 
Load Drive 
0.1 
~ 
Ripple VoUage 
10 
mVp-p 


FREQUENCY 
RESPONSE 
Smali Signal Bandwidth 
G=1 
20 
kHz 
G-l0 
20 
kHz 
G -100 
4 
kHz 
G = 1000 
7 
kHz 
Slew Rate 
0.2 
VI~s 
Settling Time, 0.1 % 
G-1 
100 
~ 
G= 10 
400 
~s 
G -100 
600 
~ 
G: 
1000 
9SO 
~ 


POWER SUPPLIES 
Rated Voltage 
15 
V 
VoUage Range 
11 
18 
V 
Quiescent 
Current 
25 
40 
55 
mA 
Rated Output Voltage 
No Load 
13 
14.5 
V 
SOmA Load On Two Supplies 
12 
13.2 
16 
V 
Load RegUlation 
28 
mV/mA 
Line Regulation 
1 
VN 
SYNC Frequency 
1 to 1.4 
MHz 
Output Voltage Ripple 
50 
mV 


TEMPERATURE 
RANGE 
Operating 
-40 
85 
'C 
Storage 
-40 
85 
'C 
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Supply Voltage.. 
.... +18V 


V,N. Analog Input Voltage Range 
±40V 
Coml 
to GND1 
. 
±1V 
Com2 to GND2 
.. 
±1V 
Continuous 
Isolation Voltage: 
1500Vrrns 


........ 2500Vrms one min 
IMV. dv/dt 
20kV/IlS 
Junction Temperature 
150°C 
Storage Temperature._ 
-40°C 
to +85°C 


Lead Temperature 
(soldering, 
10s) 
.. 
+300°C 
Output Short Duration 
Continuous to Common 


A 
ELECTROSTATIC 


~ 
DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated circuits 
may be more 
susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


17 
GND3 


16 
SYNC 


PACKAGE 


28-Pin Plastic DIP 


PACKAGE 
DRAWING 


NUMBER!') 


335 
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The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR· BROWN does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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BASIC OPERATION 


IS02S6 
is a precision, 
powered, 
three-port 
isolated ampli- 
fier. The input and output sections are galvanically 
isolated 
by matched 
and EMI 
shielded 
capacitors 
built 
into the 
plastic package. The DCIDC 
converter input is also galvani- 
cally isolated from both the input and output supplies. 


SIGNAL AND POWER CONNECTIONS 


Figure 
I shows proper power and signal connections. 
The 
power supply 
input pin +VS3 should be bypassed 
with a 
2.21JF tantalum capacitor and the outputs Vs I and VS2 with 
220nF ceramic capacitors located as close to the amplifier as 
possible. 
All ground 
connections 
should be run indepen- 
dently to a common 
point. Signal Common 
on both input 
and output 
sections 
provide 
a high-impedance 
point 
for 


sensing 
signal 
ground 
in noisy 
applications. 
Coml 
and 
Corn2 must have a path to ground for bias current return and 
should 
be maintained 
within 
±IV 
of GNDI 
and GND2 
respectively. 


INPUT COMMON-MODE 
RANGE 


The linear common-mode 
range of the input circuitry of the 
IS02S6 
is approximately 
±llV. 


INPUT PROTECTION 


The inputs of the IS02S6 
are protected 
with soon series 


26 Com1 


28 
+VS1 


27 -vs, 


25 
GND1 


resistors and diode clamps. The inputs can withstand 
±30V 
differential 
inputs without 
damage. 
The protection 
diodes 
will of course conduct 
current 
when the inputs 
are over- 
driven. 
This may disturb 
the slewing 
rate in unity 
gain 
follower applications, 
but will not damage the op-amp. 


DC/DC CONVERTER 


IS02S6 
provides a reliable solution to the need for integral 
power. The high isolation rating being achieved 
by careful 
design 
and attention 
to the physical 
construction 
of the 
transformer. 
In addition to the high dielectric strength a low 
leakage coating increases 
the isolation 
voltage range. The 
soft start 
oscillator/driver 
design 
eliminates 
high 
inrush 
currents during turn-on. Input current sensing protects both 
the converter 
and the load from possible 
thermal 
damage 
during a fault condition. 
The DCIDC 
converter is synchro- 
nized to the amplifier and when multiple IS02S6's 
are used, 


each channel can be synchronized 
via the SYNC pin. 


The DCIDC 
converter 
consists of a free-running 
oscillator, 


control 
and switch driver circuitry, 
MOSFET 
switches, 
a 
transformer, 
rectifier 
diodes 
and filter capacitors 
all con- 
tained 
within 
the IS02S6 
package. 
The control 
circuitry 
consists 
of current limiting, 
soft start and synchronization 
features. In instances where several IS02S6's 
are used in a 
system, beat frequencies 
developed 
between 
the IS02S6's 
are a potential source of low frequency 
noise in the supply 
and ground paths. This noise may couple into the signal path 


Com2 
13 


.Y52 
12 


-Y52 
11 


GND2 
10 
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and can be avoided by synchronizing the individual IS0256's 
together by tying the SYNC pins together or using the circuit 
in Figure 2 to drive the SYNC pins from an external source. 


When connecting 
up to eight IS0256's 
without a driver the 
unit with the highest natural frequency 
will determine 
the 
synchronized 
running frequency. The SYNC pin is sensitive 
to capacitive 
loading: 
l50pf 
or less is recommended .. If 
unused, the SYNC pin should be left open. Avoid shorting 
the SYNC 
pin directly 
to ground 
or supply 
potentials; 
otherwise 
damage may result. 


Soft start circuitry 
protects 
the MOSFET 
switches 
during 
startup. This is accomplished 
by holding the gate-to-source 
voltage of both MOSFET 
switches 
low until the free-run- 
ning oscillator 
is fully operational. 
In addition, 
soft start 
circuitry and input current sensing also protects the switches. 
This current limiting keeps the MOSFET switches operating 
in their safe operating 
area under fault conditions 
or exces- 
sive loads. When either of these conditions 
occur, the peak 
input current exceeds a safe limit. The result is an approxi- 
mate 5% duty cycle, 300llS drive period to the MOSFET 
switches. 
This protects 
the internal 
MOSFET 
switches 
as 
well as the external load from any thermal damage. When 
the fault or excessive load is removed, the converter resumes 
normal 
operation. 
A delay period 
of approximately 
50llS 
incorporated 
in the current 
sensing 
circuitry 
allows 
the 
output 
filter capacitors 
to fully charge after a fault is re- 
moved. This delay period corresponds 
to a filter capacitance 
of no more 
than 
IIJf at either 
of the output 
pins. This 
provides 
full protection 
of the MOSFET 
switches and also 
sufficiently 
filters 
the output 
ripple 
voltage. 
The current 
sensing circuitry is designed 
to provide thermal protection 
for the MOSFET 
switches 
over the operating 
temperature 
range as well. When these conditions 
are exceeded, the unit 
will go into its shutdown 
mode. 


OUTPUT 
CURRENT 
RATINGS 


The total current 
which 
can be drawn 
from each output 


supply on the IS0256 
is a function of the total power drawn 
from all outputs. For example if three outputs are not used 
then maximum current can be drawn from one output. In all 
cases, the total maximum current that can be drawn from any 
combination 
of outputs is: 


II,J 
+ IIJ 
+ 112+ I + 112J :0; SOmA 


+VS3• GND3 


The waveform 
of the ground return current 
is an 800kHz 
sawtooth. 
A capacitor between +VS3 and GND3 provides 
a 
bypass for the AC portion of this current. The power should 
never be instantaneously 
interrupted 
to the IS0256 
(i.e., a 
break 
in the line to +VS3 either 
by accidental 
or switch 
means.) 
Normal 
power 
down of the +VS3 
supply 
is not 
considered 
instantaneous. 
Should 
a rapid break, 
in input 
power occur the internal transformers 
voltage will rapidly 
rise to maintain current flow and may cause internal damage 
to the IS0256. 


IS0256 
can be synchronized 
to an external 
signal source. 


This capability 
is useful 
in eliminating 
troublesome 
beat_ 
frequencies 
in multi-channel 
systems 
and in rejecting 
AC 
signals and their harmonics. 
To use this feature, tie all sync 
pins together or apply an external signal to the SYNC pin. 
IS0256 
can be synchronized 
to an external oscillator 
over 
the range 1-1.4MHz (this corresponds 
to a modulation 
fre- 
quency of 500kHz to 700kHz as SYNC is internally divided 
by 2). 


CARRIER 
FREQUENCY 
CONSIDERATIONS 


IS0256 
amplifiers transmit the signal across the ISO-barrier 
by a duty-cycle 
modulation 
technique. 
This system works 
like any linear amplifier for input signals having frequencies 
below one half the carrier frequency, 
fe. For signal frequen- 
cies above fe/2, the behavior becomes 
more complex. 


It should be noted that for the IS0256, 
the carrier frequency 
is nominally 400kHz and the -3dB point of the amplifier is 
50kHz. 
Spurious 
signals 
at the output 
are not significant 
under these circumstances 
unless the input signal contains 
significant 
components 
above 200kHz. 


When periodic noise from external sources such as system 
clocks and DCIDC 
converters are a problem, IS0256 
can be 
used to reject this noise. The amplifier can be synchronized 
to an external frequency 
source, fEXT, placing the amplifier 
response curve at one of the frequency 
and amplitude nulls 
indicated 
in the "Signal 
Response 
vs Carrier 
Frequency" 
performance 
curve. 


ISOLATION 
MODE VOLTAGE 


Isolation 
Mode 
Voltage 
(IMV) 
is the voltage 
appearing 
between 
isolated 
grounds 
GND 1 and GND2. 
IMV 
can 
induce errors at the output as indicated by the plots of IMV 
vs Frequency. 
It should be noted that if the IMV frequency 
exceeds 
fe/2, the output will display 
spurious outputs in a 


BURR-BROWNe 
IE:lE:lI 
Burr-Brown Ie Data Book-Linear 
Products 


Kesponse 
vs L.arner Nequency 
pertormance 
curve. Tills 
occurs 
because 
IMV -induced 
errors 
behave 
like 
input- 
referred error signals. To predict the total IMR, divide the 
isolation voltage by the IMR shown in "IMR vs Frequency" 
performance 
curve and compute 
the amplifier 
response 
to 
this input-referred 
error signal from the data given in the 


"Signal Response vs Carrier Frequency" 
performance 
curve. 


Due to effects of very high-frequency 
signals, typical IMV 
performance 
can 
be achieved 
only 
when 
dVIdT of the 
isolation 
mode voltage 
falls below 
lOOOV/~. For conve- 
nience, 
this is plotted 
in the typical 
performance 
curves 
for the IS0256 
as a function 
of voltage and frequency 
for 


sinusoidal 
voltages. 
When 
dV/dT 
exceeds 
lOOOV/~ 
but 
falls below 20kV I~, performance 
may be degraded. At rates 
of change above 20kV/~, 
the amplifier 
may be damaged, 
but the barrier retains its full integrity. Lowering 
the power 


supply 
voltage 
below 
15V may 
decrease 
the dV/dT 
to 
500V/~ 
for typical performance, 
but the maximum 
dV/dT 
of 20kV/~ 
remains unchanged. 


Leakage current is determined 
solely by the impedance 
of 
the barrier and transformer 
capacitance 
and is plotted in the 


"Isolation 
Leakage Current vs Frequency" 
curve. 


Because 
a long-term 
test is impractical 
in a manufacturing 


situation, 
the generally 
accepted 
practice 
is to perform 
a 
production 
test at a higher voltage for some shorter time. 


The relationship 
between actual test voltage and the continu- 


ous derated maximum 
specification 
is an important 
one. 


Historically, 
Burr-Brown 
has chosen a deliberately 
conser- 


vative 
one: VTEST = (2 x ACrms 
continuous 
rating) 
+ 


1000V for 10 seconds, 
followed 
by a test at rated ACrms 
voltage 
for one minute. 
This choice 
was appropriate 
for 
conditions 
where system transients 
are not well defined. 


Recent 
improvements 
in high-voltage 
stress testing 
have 
produced a more meaningful 
test for determining 
maximum 
permissible 
voltage ratings, and Burr-Brown 
has chosen to 
apply this new technology 
in the manufacture 
and testing of 
the IS0256. 


Partial Discharge 


When an insulation 
defect such as a void occurs within an 
insulation system, the defect will display localized corona or 
ionization 
during exposure to high-voltage 
stress. This ion- 
ization 
requires 
a higher 
applied 
voltage 
to start 
the 
discharge 
and lower voltage to maintain it or extinguish 
it 
once 
started. 
The 
higher 
start 
voltage 
is known 
as the 
inception 
voltage, while the extinction 
voltage is that level 
of voltage stress at which the discharge 
ceases. Just as the 
total insulation 
system has an inception 
voltage, so do the 
individual 
voids. A voltage will build up across a void until 
its inception voltage is reached, at which point the void will 
ionize, effectively 
shorting itself out. This action redistrib- 
utes electrical charge within the dielectric 
and is known as 


partial 
discharge. 
If, as is the case with AC, the applied 


phenomenon 
is that, if the discharge 
does not occur, the 
insulation 
system retains its integrity. 
If the discharge 
be- 
gins, and is allowed to continue, 
the action of the ions and 
electrons 
within 
the defect 
will 
eventually 
degrade 
any 
organic insulation system in which they occur. The measure- 
ment of partial discharge is still useful in rating the devices 
and providing quality control of the manufacturing 
process. 
The inception voltage for these voids tends to be constant, so 
that the measurement 
of total charge 
being 
redistributed 
within the dielectric is a very good indicator of the size of the 
voids and their likelihood 
of becoming 
an incipient failure. 
The bulk inception 
voltage, on the other hand, varies with 
the insulation 
system, and the number of ionization 
defects 


and directly establishes the absolute maximum voltage (tran- 
sient) 
that can be applied 
across 
the test device 
before 
destructive 
partial discharge can begin. Measuring 
the bulk 
extinction voltage provides a lower, more conservative 
volt- 


age 
from 
which 
to derive 
a safe continuous 
rating. 
In 
production, 
measuring 
at a level somewhat 
below the ex- 
pected 
inception 
voltage 
and then de-rating 
by a factor 
related 
to expectations 
about system 
transients 
is an ac- 


cepted practice. 


Partial Discharge 
Testing 


Not only does this test method provide far more qualitative 
information 
about stress-withstand 
levels than did previous 


stress tests, but it provides quantitative 
measurements 
from 


which quality assurance and control measures can be based. 
Tests similar to this test have been used by some manufac- 
turers, 
such 
as those 
of high-voltage 
power 
distribution 
equipment, 
for some 
time, 
but they employed 
a simple 
measurement 
of RF noise to detect ionization. 
This method 
was not quantitative 
with regard to energy of the discharge, 
and was not sensitive enough for small components 
such as 
isolation 
amplifiers. 
Now, however, 
manufacturers 
of HV 
test equipment 
have developed 
means 
to quantify 
partial 
discharge. 
VDE in Germany, 
an acknowledged 
leader 
in 
high-voltage 
test standards, 
has developed 
a standard 
test 
method 
to apply this powerful 
technique. 
Use of partial 
discharge testing is an improved 
method for measuring 
the 
integrity of an isolation barrier. 


To accommodate 
poorly-defined 
transients, 
the part under 
test is exposed to voltage that is 1.6 times the continuous- 
rated voltage 
and must display 
less than or equal to 5pC 
partial discharge 
level in a 100% production 
test. 


APPLICATIONS 


The IS0256 
isolation amplifiers are used in three categories 
of applications: 


• Accurate 
isolation 
of signals 
from high voltage 
ground 
potentials 


• Accurate isolation of signals from severe ground noise and 


• Fault protection 
from high voltages 
in analog 
measure- 
ments 
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Isolated RS-485 
DIFFERENTIAL 
BUS TRANSCEIVER 


FEATURES 


• 
RS-485 AND RS-422 COMPATIBLE 


.100% 
TESTED 
FOR HIGH-VOLTAGE 
BREAKDOWN 


• 
RATED 
1500Vrms 


• 
SINGLE-WIDE 
24-PIN PLASTIC 
DIP 


• 
EASY TO USE 


• 
LOW POWER: 
180mW 
typ at 5Mbitls 


The IS0485 
differential, 
isolated bus transceiver 
uses 


Burr-Brown's 
capacitively 
coupled isolation 
technol- 
ogy to provide 
high-speed, 
low cost bus isolation. 
The IS0485 
is designed 
for bi-directional 
data com- 
munication 
on multipoint 
bus transmission 
lines and 


meets EIA Standard RS-485 as well as EIA Standard 
RS-422A 
requirements. 


The IS0485 
uses high voltage 
O.4pF capacitors 
in- 


stead of the LED and photodetector 
which are used in 


equivalent 
optocoupler 
solutions. 
As a consequence 


the part 
count 
of the 
isolated 
RS-485 
channel 
is 


reduced 
from multiple optocoupler 
channels, 
an RS- 


485 transceiver 
chip and supporting 
circuitry 
to one 


IS0485. 
The capacitors 
in the IS0485 
provide a high 


voltage barrier, 
l500Vrms 
and greatly reduce current 
spikes on the power line. 


The IS0485 
combines a 3-state differential 
line driver 


and a differential-input 
line receiver 
both of which 
operate 
from a single 5V power supply. 
The driver 


differential 
outputs and the receiver differential 
input! 
output bus ports are designed to offer minimum 
load- 


ing to the bus whenever 
the driver 
is disabled 
or 


Vs = OV. 


APPLICATIONS 


• 
MULTIPOINT 
DATA TRANSMISSION 
ON LONG 
BUS LINES 
IN NOISY 
ENVIRONMENTS 


R5-485 
DE 
RE 
BUS 


0 
0 
Ax 


0 
1 
HIGH Z 


1 
0 
HIGH Z 


1 
1 
Tx 
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SPECIFICATIONS 


At T" ". +25°C, Vs ,. SV. unless otherwise 
specified. 


IS0485P 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


DRIVER DC CHARACTERISTICS 
Input Voltage 
High MIN 
V 


Low MAX 
0.8 
V 
Input Current 
High-Level 
V,. - 2.4V 
±1 
IJA 


Low-Level 
V,. - OAV 
±1 
IJA 


Output Voltage 
lour 3 0 
0 
5 
V 


Differential Ou1put Voltage 
IQA-loe=O 
1.5 
5 
V 


RLOAo= 1000 
2 
2.5 
5 
V 


RlOAD = 540: 
1.5 
2.5 
5 
V 
Change 
In Magnitude 
of Differential 


OUlput Voltage 
RLOAO 
"" 540 or 1oon 
±0.5 
V 


Common-Mode 
Output Vonage 
RLOAO: 540 or 1000 
V 
Change in Magnnude of Common-Mode 
OUlput Voltage 
RLOAO: 540 or 1000 
±0.2 
V 
It) 
Output Current 
Vour - 7V, oUlput disabled 
1 
mA 
CIO 
Your = -7V, 
output disabled 
-{J.8 
mA 
~ 


Short-Circuit 
Output Current (1 see max) 
Vour = -7V 
-250 
mA 
0 
Vour = OV 
-150 
mA 
~ 
Vour= 
Vs 
250 
mA 


Vour - 12V 
250 
mA 


DRIVER SWITCHING 
CHARACTERISTICS 
Propagation 
Delay Time, 


Low-to-High 
Level Oulput 
RLOAO = 540 
60 
ns 


Propagation 
Delay Time, 
en 
High-to-Low 
Level Oulput 
RLOAO = 540 
60 
ns 


Input to Oulput Propagation 
Delay Skew 
RLOAO- 
540 
10 
ns 
~ 
Output Rise Time 
RLDAn"" 
540 
10 
ns 
0 
Output Fall TIme 
RLOAO= 540 
10 
ns 
::) 
RECEIVER 
DC CHARACTERISTICS 
C 
Differential-Input- Threshold 
Voltage 
0 
High 
Vour = 2.7V, lour = -{J.4mA 
0.2 
V 


Low 
Vour - 0.5V, lour - 8mA 
-{J.2 
V 
a: 
Hysteresis 
70 
mV 
0. 


High-Level 
Output Voltage 
Via = 200mV, lOt<= 400IJA 
2.4 
V 


Low-Level 
OUlput Voltage 
Via - 200mV, IQl- 
8mA 
0.4 
V 
Z 
High-Impedance-State 
Oulput Current 
Vour = lAV 
±1 
IJA 
0 
Line Input Current 
V,. - 12V, other ou1put = OV 
0.7 
mA 


fi 


V,. = -7V, 
other output - OV 
-{J.6 
mA 


Enable-Input 
Current 


High 
V,H = 2.7V 
IJA 
..J 
Low 
V"30.4V 
IJA 
0 
Input Resistance 
12 
kQ 


Short·Circuit 
Output Current 
1 see max 
40 
mA 
en- 
RECEIVER 
SWITCHING 
CHARACTERISTICS 
Propagation 
Delay Time, 


Low-to-High 
Level OUlput 
Via - -1.5V 
to 1.5V, Cc: 
15pF 
35 
60 
ns 


High-to-Low 
Level Oulput 
V,O = -1.5V 
to 1.5V, Cc = 15pF 
30 
60 
ns 


Input to Oulput Propagation 
Delay Skew 
10 
ns 


Output Rise Time 
RL = 540 
8 
ns 


Output Fall Time 
RL = 540 
8 
ns 


TRANSCEIVER 
SPECIFICATIONS 
Maximum 
Data Rate 
20 
35 
Mbitsls 


Propagation 
Delay Driver to Receiver 
75 
ns 


Driver Output Enable lime 
RL:ll00 
155 
200 
ns 


Driver Output Disable lime 
RL=1100 
185 
280 
ns 


Propagation 
Delay Receiver to Driver 
13 
ns 


Receiver Output Enable Time 
CL= 
15pF 
110 
180 
ns 


Receiver Output Disable Time 
CL: 
15pF 
120 
185 
ns 
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IS0485P 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


TRANSCEIVER 
SPECIFICATIONS 
(CONT) 
Supply Voltage 
VgA 
3 
5 
5.5 
V 


VsB 
4.75 
5 
5.25 
V 


Supply Current 
DE 
RE 
R5-485 
BUS 


VsA 
0 
0 
Rx 
5 
mA 


VsA 
0 
1 
HIGH Z 
0.4 
mA 
VsA 
1 
0 
HIGH Z 
0.4 
mA 


VsA 
1 
1 
Tx 
0.4 
mA 
VsB 
0 
0 
Rx 
55 
mA 


VsB 
0 
1 
HIGHZ 
55 
mA 
VsB 
1 
0 
HIGHZ 
51 
mA 
VsB 
1 
1 
Tx 
51 
mA 


RECOMMENDED 
OPERATING 
CONDITIONS 
Voltage at Any Bus Terminal 
(separately 
or common-mode) 
-7 
12 
V 
High-Level 
Driver Input Vonage 
2 
V 
Low-Level 
Driver I"put 
Voltage 
0.8 
V 
Differential 
Receiver 
Input Voltage 
±12 
V 
Output Current High-Level 
Driver 
-00 
mA 
Receiver 
-400 
IIA 
Output Current Low-Level 


Drtver 
60 
mA 
Receiver 
8 
mA 


TEMPERATURE 
RANGE 
Operating 
-40 
85 
·C 
Storage 
-40 
125 
·C 


ISOLATION 
PARAMETERS 
Rated Voltage, Continuous 
SOHz 
1500 
Vrrns 
Partial Discharge, 
100% T851<') 
1s,5pC 
2400 
Vrrns 
Creepage 
Distance (External) 
DIP = .p. 
Package 
16 
mm 
Internal Isolation Distance 
0.10 
mm 
Isolation Voltage Transient 
Immunity(2j 
1.6 
kV/~ 
Barrier Impedance 
> 10" 
117 
1111pF 
Leakage Current 
240Vrrns, 60Hz 
0.6 
IlArrns 


The information provided herein is believed to be reliable: however. BURA-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
a~sume$ 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are sUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR·BAOWN 
product for use in life support devices and/or systems. 
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Supply Voltages, Vs 
. 
5.5V 
Voltage at any bus terminal 
-10 
to 15V 
Enable Input Voltage 
0 to Vcc + 0.5V 
Continuous 
total dissipation 
at 25°C free-air 
temp 
750mW 
Lead solder temperature, 
260"C for 1Os, 


1.6mm 
below seating plane 
300°C 


Junction 
Temperature 
. 
IS0aC 
Package 
thermal transfer, 8JA 
75°CNI 


R 
1 


RE 
2 


NC(l) 10 
15 
Vs• 


GND. 
11 
14 
GND. 


A 
12 
13 
B 


PACKAGE 


24-Pln Single-Wide 
DIP 


PACKAGE 
DRAWING 


NUMBER(') 


243-1 


PIN. 
NAME 
DESCRIPTION 


1 
R 
Data Received 
From Transmission 
Una 
2 
RE 
Receive 
Switch Controlling 
Receiving 
Of Data 
3 
VSA 
+5V Supply Pin For Side A 
10 
NC 
This Pin MUST Be Left Unconnected 
11 
GND. 
Ground 
Pin For Side B. Also Connected 
To Pin 14 
12 
A 
Data, Driver Out/Receiver 
In 
13 
B 
Data, Driver Out/Receiver 
In 
14 
GND. 
Ground 
Pin For Side B. Also Connected 
To Pin 11 
15 
Vs• 
+5V Supply Pin For Side B 


22 
GND. 
Ground 
Pin For Side A 
23 
DE 
Driver Switch Controlling 
Output Of Data 
24 
D 
Data To Be Transmitted 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brow" 
recommends 
that all integrated 
circuits be handled with ap 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications_ 
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TYPICAL PERFORMANCE CURVES 
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duplex multi-point 
communication, 
and complies 
with the 
ErA Interface Standards summarized 
in Table I. The signals 
transmitted across the isolation barrier can achieve transmis- 
sion rates up to 35Mbitls typical. The barrier is designed to 
perform 
in harsh 
electrical 
environments 
without 
signal 
degradation, 
while providing 
high isolation and good tran- 
sient immunity. 


Referring 
to the block 
diagram 
on the front 
page, 
data 
present at the D input can be transmitted 
across the barrier 
when 
the data enable 
pin DE is a logic high. The data 
appears as a differential 
signal on the outputs A and B and 
within the output range OV to +5V. The isolated side of the 
DE logic high also inhibits the isolated side of data read R. 
The input NOR gate arrangement 
prevents attempts to trans- 
mit and receive simultaneously. 
The truth table shows the 
conditions 
on the RS-485 bus for the possible states of DE 
and RE. 


Data is transmitted 
by coupling complementary 
logic pulses 
to the receiver through two Oo4pFcapacitors. 
These capaci- 
tors are built into the IS0485 
package with Faraday shield- 
ing to guard against false triggering by external electrostatic 
fields. 


The 
integrity 
of the isolation 
barrier 
of the IS0485 
is 
verified 
by partial 
discharge 
testing. 
2400Vrms, 
50Hz, is 
applied across the barrier for one second while measuring 
any tiny 
discharge 
currents 
that 
may 
flow 
through 
the 
barrier. 
These 
current 
pulses 
are produced 
by localized 
ionization 
within the barrier. This is the most sensitive and 
reliable indicator of barrier integrity and longevity, and does 
not damage the barrier. A device fails the test if five or more 
current pulses of 5pC or greater are detected. 


Conventional 
isolation barrier testing applies test voltage far 
in excess of the rated voltage to catastrophically 
break down 
a marginal 
device. 
A device that passes 
the test may be 
weakened, 
and lead to premature 
failure. 


APPLICATION 
EXAMPLE 


Consider 
an RS-485 
network 
in an industrial 
area. The 
system specifications 
are: 


• Distance between master controller and the farthest outsta- 
tion 50 meters. 


• System data rate is to be 30Mbitls. 


• One daisy-chain 
cable will link the master controller to the 
outstations. 


The main design considerations 
in implementing 
this system 
are: 


• Line loading and termination 


• Selection 
of correct cable for requirements 


• Attenuation 
and distortion of the signal 


• Fault protection 
and fail-safe operation 


.•.•.......-,.u •..•. 1 ••.•.••.•. 
vUUl.l'-'UU3 
a 
JiiaAHUUUJ. 
Vi .JL.Unll loaos on any 
one line: the unit loading being derived from the 12kQ input 
impedance 
and the 12V maximum 
common-mode 
voltage. 


The IS0485 
represents 
I unit load. We could, 
therefore, 


connect 
up to 31 outstations 
to the master controller 
and 
comply with the specification. 


TERMINATION 


When a signal starts to change at the output of a transmitter, 
the other end of the line will eventually 
see this change and 
a reflection 
will occur. 
If this reflection 
returns 
to the 
transmitter 
before 
the transmitted 
signal 
has reached 
its 
maximum 
value, the line may be considered 
as a "lumped 
parameter" 
model. In this case no termination 
is necessary 
because the line has a negligible 
effect on the system. 


If the rise of the signal at the receiver T RISE is much less than 
the time taken 
for the signal 
to go from 
transmitter 
to 
receiver 
and back again 
2T PD termination 
of the line is 
necessary. It is usual to terminate the line with its character- 
istic impedance, 
Zo when the following 
rule applies: 


For this installation 
we have selected an Alpha Wire Corpo- 
ration 
cable, 
No. 60nC. The 
cables 
characteristics 
are 
shown in Figure 2. The rise time T RISE at the receiver was 
measured 
between the 10% and 90% points. 


From Figure I we can see that the velocity of propagation 
VP 
is given as 80%. Since this is the ratio of the signal speed in 
air, to the signal speed in the cable, we have 


3 X 108 x 0.8 
204 x 108 rn/s 


INp 
4.2ns/m 


2TpD = 
4.2 X 10-9 x 50 x 2 
42us 


Equation 
I holds, therefore the line must be terminated 
with 
its characteristic 
impedance. 


EYE PATTERNS 
AND Zo 


Eye patterns can be used to assess the signal distortion 
and 
noise on the transmission 
line. It is also a convenient method 
of determining 
the characteristic 
impedance 
of the line. The 
term 'eye' comes from the shape of the trace on the oscillo- 
scope. See Figures 2 and 3. 


The eye pattern 
was obtained 
using 
the non return 
zero 
pseudo-noise 
generator 
circuit shown in Figure 5. Figure 2 
shows the effects of the termination 
resistor 
for the three 
cases: z,. > :{;o,z,. = Zoo z,. < Zo with z,. = Zo the eye 


pattern is clear. In practice a precision decade resistance box 
was used to detennine 
the exact value of Zr to use. 


As the data rate is increased we can see from Figure 3 how 
the signal distortion also increases. From the graph in Figure 


I we can see that the specified 
attenuation 
figures 
given 
agree with those obtained 
by measurement; 
approximately 


-1.3db/lOOft, 
at 30Mbitls 
(15MHz). 
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Frequency (MHz) 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


Capacitance 


ALPHA 
WIRE CORP. 
COR. 10 COR. 
COR. 10 (COR. AND SHIELD) 
VP. 
Z. aI1MHz, 


NO. 
pFJIt 
(pF/m) 
pFJIt 
I 
pF/m) 
% 
0 


6072C 
8.7 
(28.5) 
5.9 
I 
(52,2) 
80 
150 


6073C thru 6079127C 
12.5 
(41,0) 
22.0 
I 
(72.5) 
80 
150 


PARAMETER 
EIA·232 
R5-432-A 
R5-422·A 
R5-4B5 


Mode of Operation 
Single·Ended 
Single·Ended 
Differential 
Differential 


Number 
of Drivers and Receivers 
1 Driver 
1 Driver 
1 Driver 
32 Drivers 


1 Receiver 
10 Receivers 
10 Receivers 
32 Receivers 


Maximum 
Cable Length (m) 
15 
1200 
1200 
1200 


Maximum 
Data Rate (bps) 
20k 
lOOk 
10M 
10M 


Maximum 
Common· Mode Voltage (V) 
±25 
±6 
6 to -j).25 
12 to-7 


Driver 
Output 
I Loaded 
±5 
±3.6 
±2 
±1.5 


Leveis (V) 
I Unloaded 
±15 
±6 
±5 
±5 


Driver Load (0) 
3k to 7k 
450 (min) 
100 (min) 
60 (min) 


Driver Slew Rate 
30Vl~ 
(max) 
External Control 
NA 
NA 


Driver 
Output 
Short 
Circuit 
500 to Vcc 
150 to GND 
150 to GND 
15010 GND 


Current 
Limit 
(mAl 
250 to -7 or 12V 


Driver 
Output 
I Power 
on 
NA 
NA 
NA 
12k 


Resistance 


High Z state (0) 
I Power 
off 
300 
60k 
60k 
12k 


Receiver 
Input Resistance 
(0) 
3 to 7 
4 
4 
12 


Receiver 
Sensitivity 
±3Y 
±200mY 
±200mY 
±200mY 
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Recei~~~ 
~ 
~ 
.: 
~ 
'.: 
...: 
• 


If the outstations are not to act as transmission 
lines, they too 
must meet the criteria determined 
by equation 
1. They must 
be seen as a lumped 
parameter. 
As a rule-of-thumb, 
the 
transition 
time 
of the pulse 
from 
the transmitter, 
TRISE 


should 
be ten times 
longer 
than the propagation 
delay, 
pdsTUBdown the stub to the outstation. 


16.5 X 10-9 ~ 10 x 
1 
x stub length 
3 x 1()8 x 0.8 


START-UP 
CIRCUIT 


Because 
the 180485 
is a capacitively 
coupled device, it is 


possible to power up an indeterminate 
state. The circuit of 
Figure 4 ensures that the 180485 
powers up in the receive 
mode, thus avoiding any conflict on the transmission 
line. 


.¢. 330nF 
POWER ---r- 
DEll- 


...•.:;~ 


10ms 


TRANSMITIRECEIVE 
MODE 


Because the 180485 
is a capacitively 
coupled device, inde- 


terminate states can occur when the change from transmit to 
receive or, from receive to transmit is initiated. This is easily 
overcome 
by transmitting 
an edge 
prior 
to the data 
of 
interest. The four possible 
conditions 
which could happen 
are detailed in Figures 5a, 5b, 6a, and 6b. Thereafter, 
data is 


known and correct. 
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00 
1 
6 
0 
OE 
11 
g~12 


ClR 
OH 
13 


74ACT 164 


OA 
~ 
OB 
5 
OC 
6 
00 
10 
OE 
11 
OF 
12 
OG 
ClR 
OH 
13 


74ACT 164 


4 
UM 


2 0 PR 0 
5 


3 
ClK 


Cl a 


1 
74ACT74 


10 
U4B 


12 0 
PR· 0 
9 


11 
ClK 


Cl a 


13 
74ACT 74 


a) 
R,::=R3andR2::R" 
For open circuit conditions 
this biases 
the line to a logic '1' 


b) Z,. 
Z, • Z, .Z,. 
BZX85= 12V 
Z, = Z. = Z, =Z, = BZX85= 6.8V 
0, .0, 
• IN4048 
The zener 
diode in conjunction 
with the ptc thermistors 
limit the current 
drawn on the line when taken beyond the +12V and -N. The ptc 
thermistors 
also current 
limit on the line being shorted 
to the ground. 


c) 
Rl=R2=05XZo(1+~:) 


AT -ZO(1+ 
~:) 
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BURR - BROWN® 
113131 


Isolated 12-Bit Sampling 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
1500Vrms 
ISOLATION 
CONTINUOUS 


• 
25JlS CONVERSION 
TIME 


• 
12-BIT SERIAL OUTPUT 


• 
SINGLE +5V SUPPLY 


• 
28-PIN 0.6" PLASTIC 
DIP 


The IS0806 
is a low-power 
isolated sampling 
ADC 
using state-of-the-art 
CMOS structures and high volt- 
age capacitors. The IS0806 contains a complete 
12-bit 
capacitor 
based 
SAR, ADC with SIH, clock, 
refer- 
ence, IJ.Pinterface, 
serial out and galvanic isolation. 


Laser-trimmed 
scaling 
resistors 
provide 
standard 
industrial 
input ranges 
including 
±lOV, ±5V, 0-5V, 


0-4V. They are available 
in 28-pin 0.6" wide plastic 
DIP and are specified over the industrial 
temperature 
range of --40°C to +85°C. 
• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
PC-BASED 
DATA ACQUISITION 
TEST 
EQUIPMENT 


Serial 


Data 


Out 
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SPECIFICATIONS 


IS0806P 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bit 


ANALOG 
INPUT 


Voltage Ranges 
±10, 0 to +5, 0 to +4 
V 


Impedance 
(See Table II) 
Capacitance 
- 
--- 
- 
- 
- 
- 
35 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
20 
"S 
Complete 
Cycle 
Acquire 
and Convert 
25 
)lS 
Throughput 
Rate 
. 
40 
, 
- 
kHz 


DC ACCURACY 
U 


Integral 
linearity 
Error 
±a.15 
±a.9 
lSBI') 


Differential 
Linearity 
Error 
--- := 
.-:: 
±a.15 
~.9 
lSB 
No Missing 
Codes 
Guaranteed 
Bits 


Transition 
Noise(2) 
0.1 
lSB 
Full Scale Erro~3.') 
. 
±a.5 
'Yo 


Full Scale 
Error Drift 
±7 
ppml'C 


Full Scale 
Error Drift 
Ext. 2.5000V 
Ref 
±a.5 
ppml°C 


Bipolar Zero 
Error(3) 
±10V Range 
±10 
mV 


Bipolar Zero 
Error Drift 
±10V Range 
±a.5 
ppml'C 


Unipolar 
Zero 
Error(3) 
OV to 5V, OV to 4V Ranges 
±3 
mV 
Unipolar 
Zero 
Error Drift 
OV to 5V, OV to 4V Ranges 
±a.5 
ppml'C 


Power Supply Sensitivity 
(VOIO = V_ 
= Vs) 
+4.75V 
< Vs < +S.25V 
±a.5 
lSB 


AC ACCURACY 
Spurious· 
Free Dynamic 
Range 
fiN = 1kHz, ±10V 
90 
dB(S) 


Total Harmonic 
Distortion 
fiN = 1kHz, ±10V 
-90 
dB 


Signal-to-{Nois8+0istortion) 
fiN = 1kHz, ±10V 
73 
.. 
dB 
Signal·to-Noise 
fiN - 1kHz, ±10V 
73 
dB 
Useable 
Bandwidth(6) 
130 
kHz 


SAMPLING 
DYNAMICS 


Aperture 
Delay 
40 
ns 


Aperture 
Jitter 
20 
ps 
Overvoltage 
Recoveryl'l 
750 
ns 


REFERENCE 
Internal 
Reference 
Voltage 
No load 
2.48 
2.5 
2.52 
V 
Internal 
Reference 
Source 
Current 
1 
)lA 


(Must use external buffer.) 


Internal 
Reference 
Drift 
8 
ppml'C 


External 
Reference 
Voltage 
Range 
2.3 
2.5 
2.7 
V 
for Specified 
Linearity 
External 
Reference 
Current 
Drain 
Ext. 2.5000V Ref 
100 
)lA 


DIGITAL 
INPUTS 
logic 
levels 


VIL 
-0.3 
1.0 
V 
V,H 
Vo-1.0 
Vo+0.3V 
V 
III 
VIL = OV 
±10 
)lA 


I'H 
V'H = 5V 
±10 
)lA 


DIGITAL 
OUTPUTS 
Data Coding 
Binary Two's 
Complement 
or Straight 
Binary 
Vex. 
IS1NK 
::0: 1.6mA 
0.4 
V 
Vo« 
ISOURCE= 500)lA 
+4 
V 


POWER SUPPLIES 
Specified 
Performance 


VOIG1 
Must be ~ V ANA 
+4.75 
+5 
+5.25 
V 


V_ 
+4.75 
+5 
+5.25 
V 
V01G2 
+4.75 
+5.25 
V 


ID1G1 
4.2 
mA 
IANA 
5.0 
mA 


IOIG2 
10.8 
mA 
Power 
Dissipation 
VANA• Vo" • 5V, Fs = 40kHz 
125 
mW 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuraciOG or omi~~iom,. BURR-BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without 
notice. 
No patent 
rights or licenses 
to any of the circuits described 
herein 
are implied or granted 
to any third party. 
BURR·BROWN 
does 
not 
authorize 
or warrant 
any BURA-BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 


IS0806P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specified 
Performance 
-40 
+85 
°C 


Storage 
-65 
+150 
°C 


Thermal 
Resistance, 
;JA 


Plastic DIP 
75 
"e1W 


ISOLATION 
PARAMETERS 


Rated Voltage, Continuous 
50Hz 
1500 
Vrms 


Partial Discharge, 
100% Tes~.1 
1s,5pC 
2500 
" 


Vrms 


Creepage 
Distance (Extemal) 
DIP: 
'P' 
Package 
16 
mm 


Internal Isolation Distance 
0.10 
mm 
Barrier Impedance 
>10"1115 
nil 
pF 


Leakage Curren~91 
240Vrms. 60Hz 
1.7 
~Arms 


240Vrms, 
50Hz 
1.4 
IlArms 


NOTES: (1) LSB means Least Sign~icant Bit. One LSB for the ±1 OV input range is 4.88mV. (2) Typicai rms noise at worst case transition. 
(3) As measured with 
fixed resistors shown in Figure lb. Adjustable 
to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
scale or +Full scale 
untrimmed 


deviation from ideal first and last code transitions, 
divided by the transition voltage (not divided by the full-scale 
range) and includes the effect of offset error. (5) 
All specifications 
in dB are referred to a full-scale input. (6) Usable Bandwidth defined as Full-SCale input frequency at which Signal-to-(Noise 
+ Distortion) degrades 
to 6OdB. (7) Recovers to specified performance 
after 2 x FS input overvoltage. 
(8) All devices receive a 1s test. Failure criterion is 2:5 pulses of 2:5pC. (9) Tested 
at 2500Vrms, 
50Hz limit 101lA. 


Analog Inpu1s: R1'N 
.. 
±25V 


R2'N 
±25V 
CAP 
VANA+0.3V to AGND2 -o.3V 


REF. 
.. 
Indefinite Short to AGND2, 


Momentary Short to VN<4A 
Ground Voltage Differences: 
DGND and AGND1 . 
.. 
±O.3V 
DGND, AGND, and GND,sc 
1563Vrrns 


..................... 7V 
........... +0.3V 


............................ 
7V 


.. -o.3V to VOIG +0.3V 


............... 
+165°C 


.. 
825mW 


..... +300"C 


Electrostatic 
discharge can cause damage ranging from per- 


formance 
degradation 
to complete 
device 
failure. 
Burr- 
Brown Corporation 
recommends 
that all integrated 
circuits 
be handled 
and stored 
using 
appropriate 
ESD protection 


methods. 


VANA 
V01G to VANA 
VOIG 
.... 
Digital Inputs ..... 
Maximum Junction Temperature 
. 
Internal Power Dissipation 
. 


Lead Temperature 
(soldering, 
1Os) 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 


parametric 
changes 
could 
cause 
the device 
not to meet 


published 
specifications. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(') 


IS0806P 
Plastic DIP 
215·1 


MAXIMUM 
INTEGRAL 
TYPICAL 
SIGNAL-TO- 
SPECIFICATION 
MODEL 
UNEARITY 
ERROR (LSB) 
(NOISE + DISTORTION) 
RATIO (dB) 
TEMPERATURE 
RANGE 
PACKAGE 


IS0806P 
±C.9 
70 
-40°C 
to +85°C 
Plastic DIP 


BURR 
- BROWNlJ 


1E3E31 


2 
BUSY 


3 
+SV01G2 


10 
+SVOIG1 


11 
+SVANA 


12 
R11N 


13 
NC 


14 
R21N 


15 
CAP 


16 
REF 


17 
AGND 


18 
SBIBTC 


19 
DGND1 


26 
DGND2 


27 
DATACLK 


28 
SDATA 


o 
At the start of conversion 
BUSY 
goes 
LOW 
and stays 
LOW 
until conversion 
is complete. 


Isolated Digital Supply Volts. 


Digital Supply Volts. 


Analog Supply Volts. 


Analog Input. 


No Connection. 
Leave 
unconnected. 


Analog Input. 


Reference 
Buffer Output. 
2.2j.lF tantalum 
capacitor 
to ground. 


Reference 
InpuVOutput. 
2.2j.lF 
tantalum 
capacitor 
to ground. 


Analog Ground. 


Selects Straight Binary or Binary Two's Complement 
for Output Data Format. 


Digital 
Ground. 


Isolated Ground. 


o 
Data Clock Output. 


o 
serial Output Synchronized 
to DATACLK. 


28 
SDATA 


27 
DATACLK 


26 
DGND2 


ANALOG 
CONNECT 
Rl,• 
CONNECT 
R2,. 
INPUT 
VIA 200n 
VIA loon 
RANGE 
TO 
TO 
IMPEDANCE 


±10V 
V,. 
CAP 
45.7kO 


OV to 5V 
AGND 
V,. 
20.0kn 


OV to 4V 
V,. 
V,N 
21.4kn 


RlC 
BUSY 
DATACLK 
OPERATION 


~ 
1 
Output 
Initiates 
conversion 
"0", Valid data 
from conversion 
"n-1" clocked 
out on SDATA. 


0 
r 
X 
New conversion 
initiated without 
acquisition 
of a new signal. 
Data will be invalid. 
RlC must be HIGH when BUSY goes HIGH. 


X 
0 
X 
New convert 
commands 
ignored. 
Conversion 
"n" in progress. 
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TYPICAL PERFORMANCE CURVES 
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:8-.•g 
-60 
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E< 
-60 


-100 


, 
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T~trl·t 
~"'l""".· 
"11111" "7'~lT'll"II"lrr 
t""l'1 


10 


Frequency (kHZ) 


SIGNAL-TO-(NOISE + DISTORTION) 
vs INPUT FREQUENCY ("N : OdB) 
90 


80 


70 


en 60 
:8- 
0 
50 
<z0; 40 


30 


20 


10 
100 
1k 
10k 
lOOk 
1M 


Input Signal Frequency (Hz) 


74.0 


73.9 


in 
:8- 
0 
73.8 
<z0; 


73.7 


20kH -9kH 


10k~z / 
r---r ;---. 


.ot••, 


o 
25 
50 
75 
100 
125 
150 


Temperature (OC) 


-20 


en 
-40 


:8-.• 
-0 
-60 
..8 
Q. 
E< 
-60 


-100 


10 


Frequency (kHz) 


90 


80 


70 


60 
en 
:8- 50 
0< 
40 
z0; 
30 


20 


10 


OdB- 


2OdB- 


-60dB- 


o 
o 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 


Input Signal Frequency (kHz) 


110 


105 


~ 
100 


~ 
95 
z0; 
90 


~ 
85 


~ 
80 
(/) 
ci 
75 


~ 
70 
(/) 
65 


60 
-75 
-50 
-25 


kF~R 
- 


SNR and SINAD, 


THO 


0255075 


Temperature (OC) 


-105 
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-75 
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en 
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0 
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TYPICAL PERFORMANCE CURVES (CO NT) 


~ 
2.510 


~ 
2.505 
i!! 
'* 
2.500 
a: 


~ 
2.495 


~ 
2.490 


32 _BP~ 
Error 


1 
o 
-1 
-2 


E ~ 
0.20 
1j:E 
~§ 
u.. -0.20 


25 
50 
75 
100 
125 
150 


Temperature 
(OC) 


- 


f--. - 


15.10 


15.00 


14.90 
~ 
..=, 
14.80 
'"E 
14.70 
i= 


<=0 
14.60 
.~ 


<= 
14.50 
0 
() 
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) 


J 


INL 
II 
i'.. 


1I~ 
V 
./ 
9~~ 


1Q2 
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Power Supply Ripple Frequency (Hz) 


3 
2 
_UP~Error 
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-2 
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BASIC OPERATION 
STARTING A CONVERSION 


SERIAL 
OUTPUT 


Figure I shows a basic circuit to operate the IS0806 
with a 
± JOV input range 
and serial output. 
Taking 
RlC (pin 
I) 
LOW for 40ns (121JS max) will initiate a conversion 
and 


output valid data from the previous conversion 
on SDA TA 


(pin 
28) 
synchronized 
to 
12 clock 
pulses 
output 
on 
DATACLK 
(pin 27). BUSY (pin 2) will go LOW and stay 


LOW until the conversion 
is completed 
and the serial data 
has been transmitted. 
Data will be output in Binary Two's 
Complement 
format, MSB fIrst, and will be valid on both the 
rising 
and falling 
edges 
of the data clock. 
BUSY 
going 


HIGH can be used to latch the data. All convert commands 
will be ignored while BUSY is LOW. 


The IS0806 
will begin tracking the input signal at the end 


of the conversion. 
Allowing 
251JS between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external resistors com- 
pensate for this adjustment 
and can be left out if the offset 


and gain will be corrected in software (refer to the Calibra- 
tion section). 


The RlC (pin I) LOW for a minimum 
of 40ns immediately 


puts the sample/hold 
of the IS0806 
in the hold state and 
starts conversion 
'n'. BUSY (pin 2) will go LOW and stay 


LOW 
until conversion 
'n' 
is completed 
and the internal 


output 
register 
has been updated. 
All new convert 
com- 
mands during BUSY 
LOW will be ignored. 
RlC must go 


HIGH before BUSY goes HIGH or a new conversion 
will be 


initiated without suffIcient time to acquire a new signal. 


The IS0806 
will begin tracking the input signal at the end 
of the conversion. 
Allowing 
251JS between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. RlC is 


level triggered. 


The IS0806 
outputs serial data in Straight Binary or Binary 


Two's Complement 
data output format. If SBIBTC (pin 18) 


is HIGH, the output will be in SB format, and if LOW, the 
output will be in BTC format. Refer to Table IV for ideal 
output codes. 


Reading the data through the serial port will shift the internal_ 
output registers one bit per data clock pulse. 


DESCRIPTiON 
ANALOG 
INPUT 
DIGITAL 
OUTPUT 


Full-Scale Range 
±10 
OV105V 
OVto 4V 
BINARY TWO'S COMPLEMENT 
STRAIGHT 
BINARY 
Leasl Significant Bij (LSB) 
4.88mV 
1.22mV 
976uV 
(SBIBTC 
lOW) 
(SBlBTC 
HIGH) 


HEX 
HEX 


BINARY 
CODE 
CODE 
BINARY 
CODE 
CODE 


+Full Scale (FS - 1LSB) 
9.99512V 
4.99878V 
3.999024V 
011111111111 
7FF 
111111111111 
FFF 


Midscale 
OV 
2.5V 
2Vסס ooסס ooסס oo 
000 
1000 0000סס oo 
800 


One LSB Below Midscale 
4.88mV 
2.49878V 
1.999024V 
111111111111 
FFF 
0111 1111 1111 
7FF 


-Full Scale 
-10V 
OV 
OV 
1000סס ooסס oo 
800 
0000סס ooסס oo 
000 


BURR·BROWNe 
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SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


t, 
Convert Pulse Width 
0.04 
12 
uS 


t3 
BUSY Delay from 
110 
ns 


Start of Conversion 


•• 
BUSY lOW 
14.7 
20 
uS 


Is 
BUSY Delay after 
90 
ns 


End of Conversion 


t,; 
Aperture Delay 
40 
ns 


17 
Conversion Time 
14.7 
20 
US 


I. 
Acquisition 
Time 
3 
uS 


I" 
Start of Conversion 
1.4 
uS 
to OATACLK Delay 


I" 
DATACLK 
Period 
1.1 
uS 


I" 
Dala Valid 10 DATACLK 
75 
ns 


HIGH Delay 


I" 
Data Valid after DATACLK 
600 
ns 


LOW Delay 


17+fa 
Throughput 
Time 
25 
US 


INTERNAL 
DATA CLOCK 
(During A Conversion) 


The 
RlC 
(pin 
I) LOW 
will initiate 
conversion 
'n' 
and 


activate 
the internal 
data clock 
(typically 
900kHz 
clock 
rate). The IS0806 
will output 
12 bits of valid data, MSB 
first, from conversion 
'n-I' 
on SDATA 
(pin 28), synchro- 
nized to 12 clock pulses output on DATACLK 
(pin 27). The 
data will be valid on both the rising and falling edges of the 
internal data clock. The rising edge of BUSY (pin 2) can be 
used to latch the data. After the 12th clock pulse, DATACLK 
will remain 
LOW 
until the next conversion 
is initiated 
SDATA will also go LOW. 
' 


The IS0806 
offers three input ranges: standard ±JOV and 


0-5V, and a 0-4V range for complete, single supply systems. 
Figures 3a and 3b show the necessary circuit connections 
for 
implementing 
each input range and optional offset and gain 


adjust circuitry. 
Offset and full scale error<ll specifications 
are tested and guaranteed 
with the fixed resistors shown in 
Figure 3b. Adjustments 
for offset and gain are described in 
the Calibration 
section of this data sheet. 


Rlc--b~-- 


-11.- 


t'..... 
U",WLw .l.V.l UU03 aUJU~Ull""Ul 
auu 
""'41.1 
UC Jell 
UUl 
U 
Ule::: 
UllSt::L 
and gain will be corrected in software (refer to the Calibra- 
tion section). 


The input impedance, summarized in Table II, results from the 
combination 
of the internal resistor network 
shown on the 
front page of the product data sheet and the external resistors 
used for each input range (see Figure 4). The input resistor 
divider 
network 
provides 
inherent 
overvoltage 
protection 
guaranteed to at least ±25V. 


Analog inputs above or below the expected range will yield 
either positive full scale or negative full scale digital outputs 
respectively. 
There will be no wrapping or folding over for 
analog inputs outside the nominal range. 


Note: (1) Full scale error includes offset and gain errors measured 
at both +FS 


and -FS. 


CALIBRATION 


HARDWARE 
CALIBRATION 


To calibrate the offset and gain of the IS0806 
in hardware, 


install the resistors 
shown in Figure 3a. Table VI lists the 


hardware 
trim ranges 
relative 
to the input for each input 


range. 


.-==tJ-- 


BUSY 
\ 
'---....,.....-------,,---- 


G-sv 
0-4V 


200ll 
33.21<0 


R'~ 


R1~ 


33.2kn 


V~ 
••••• 
+5V 
'000 
R2~ 


SOkll 


CAP 


REF 
REF 


17 
AGND 
AGND 
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2000 
12 
2000 
12 
V,N 
R11N 
R1lN 


33.2kn 


66.5kn 
14 
14 
+5V 
R21N 
V,N 
R21N 
1000 
1000 
15 
15 
CAP 
CAP 
2.2~F V 


16 
REF 
REF 
+ 
2.2~F 
2.2~F 
17 
AGND 
AGND 


SOFTWARE 
CALIBRATION 


To calibrate 
the offset 
and gain in software, 
no external 
resistors are required. However, 
to get the data sheet speci- 
fications for offset and gain, the resistors shown in Figure 3b 
are necessary. 
See the No Calibration 
section 
for more 
details on the external resistors. 
Refer to Table VII for the 
range of offset and gain errors with and without the external 
resistors. 


See Figure 3b for circuit connections. 
Note that the actual 
voltage dropped across the external resistors is at least two 
orders of magnitude 
lower than the voltage dropped across 
the internal resistor divider network. This should be consid- 
ered when choosing the accuracy and drift specifications 
of 
the external 
resistors. 
In most applications, 
I% metal-film 
resistors will be sufficient. 


The 
external 
resistors 
shown 
in Figure 
3b may 
not be 
necessary 
in some 
applications. 
These 
resistors 
provide 
compensation 
for an internal adjustment 
of the offset and 
gain which 
allows 
calibration 
with a single 
supply. 
Not 
using the external 
resistors 
will result in offset and gain 
errors in addition to those listed in the electrical 
specifica- 
tions section. Offset refers to the equivalent 
voltage of the 
digital output when converting 
with the input grounded. 
A 
positive gain error occurs when the equivalent 
output volt- 
age of the digital output is larger than the analog input. Refer 
to Table VII for nominal 
ranges of gain and offset errors 
with and without the external resistors. Refer to Figure 4 for 
typical shifts in the transfer functions which occur when the 
external resistors are removed. 


To further analyze the effects of removing any combination 
of the external resistors, consider Figure 5. The combination 
of the external 
and the internal 
resistors 
form a voltage 
divider 
which 
reduces 
the input 
signal 
to a 0.3125V 
to 
2.8125V input range at the CDAC. The internal resistors are 


BURR-BROWNe 
1E3E31 


12 
R11N 
2000 


V,N 


14 
R21N 
1000 


15 
CAP 
2.2~F V 


16 
REF 


2.2~F 


AGND 


CD 
0 
CO0 
en 


laser trimmed to high relative accuracy to meet full specifi- 
cations. The actual input impedance 
of the internal resisto_ 
network 
looking 
into pin 12 or pin 
14 however, 
is onl 
accurate to ±20% due to process variations. 
This should be 
taken into account when determining 
the effects of removing 
the external resistors. 


The IS0806 
operates with its internal 2.5V reference. 
The 
internal reference has approximately 
an 8ppml°C drift (typi- 
cal) and accounts 
for approximately 
20% of the full scale 
error (FSE = ±0.5%). 


The IS0806 
also has an internal 
buffer 
for the reference 
voltage. 
See Figure 6 for characteristic 
impedances 
at the 
input and output 
of the buffer 
with all combinations 
of 
power down and reference 
down. 


REF 


REF (pin 16) is an input for an external 
reference 
or the 
output 
for the internal 
2.5V reference. 
A 2.21JF tantalum 
capacitor 
should be connected 
as close as possible 
to the 
REF pin from ground. This capacitor 
and the output resis- 
tance of REF create a low pass filter to bandlimit 
noise on 
the reference. Using a smaller value capacitor will introduce 
more noise to the reference, degrading the SNR and SINAD. 
The REF pin should not be used to drive external AC or DC 
loads. See Figure 6. 


The range for the external 
reference 
is 2.3V to 2.7V and 
determines 
the actual 
LSB size. Increasing 
the reference 
voltage will increase the full scale range and the LSB size of 
the converter 
which can improve the SNR. 


CAP (pin 15) is the output of the internal reference buffer. 
A 2.2JlF tantalum 
capacitor 
should be placed as close as 
possible 
to the CAP pin from ground to provide 
optimum 


switching currents for the CDAC throughout 
the conversion 


cycle. This capacitor 
also provides 
compensation 
for the 


output of the buffer. Using a capacitor any smaller than lJlF 
can cause the output buffer to oscillate 
and may not have 


sufficient charge for the CDAC. Capacitor values larger than 
2.2JlF will have little affect on improving performance. 
See 
Figure 6. 


The output of the buffer is capable of dri ving up to 1mA of 
current to a DC load. Using an external buffer will allow the 
internal reference 
to be used for larger DC loads and AC 
loads. Do not attempt to directly drive an AC load with the 
output voltage on CAP. This will cause performance 
degra- 
dation of the converter. 


POWER 


For optimum performance, 
tie the analog and digital power 
pins to the same +SV power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica- 
tions, the IS0806 
uses 50% of its isolated 
power for the 


analog circuitry. The IS0806 
front end should be considered 


as an analog component. 


OFFSET 
ADJUST 
GAIN ADJUST 
INPUT RANGE 
RANGE 
(mV) 
RANGE 
(mV) 


±10V 
±15 
±SO 


o to 5V 
±4 
±30 


o to 4V 
±3 
±30 


TABLE VI. 
Offset and Gain Adjust Ranges for Hardware 
Calibration 
(see Figure 3a). 


The +SV power for the NO should be separate from the +SV 
used for the system's 
digital logic. Connecting 
VDIG I (pin 


10) directly to a digital supply can reduce converter perfor- 
mance due to switching noise from the digital logic. For best 
performance, 
the +SV supply can be produced 
from what- 
ever analog supply is used for the rest of the analog signal 
conditioning. 
If + l2V or + ISV supplies are present, a simple 
+SV regulator can be used. Although 
it is not suggested, 
if 
the digital supply must be used to power the converter, 
be 


sure to properly 
filter the supply. 
Either 
using 
a filtered 
digital supply or a regulated 
analog supply, both VDIG! and 
VANA should be tied to the same +SV source. 


GROUNDING 


Two ground 
pins are present 
on the IS0806 
input side. 


DGNDI 
is the digital supply ground. AGND is the analog 
supply ground. 
AGND 
is the ground 
to which all analog 


signals internal to the NO are referenced. 
AGND is more 


susceptible 
to current induced voltage drops and must have 
the path of least resistance 
back to the power supply. 


The ground 
pin of the NO should 
be tied to an analog 


ground 
plane, 
separated 
from 
the system's 
digital 
logic 


ground, to achieve optimum performance. 
Both analog and 
digital ground planes should be tied to the "system" 
ground 


as near to the power 
supplies 
as possible. 
This helps 
to 
prevent 
dynamic 
digital ground 
currents 
from modulating 
the analog ground through a common 
impedance 
to power 
ground. 


INPUT 
OFFSET 
ERROR 
GAIN ERROR 


RANGE 
WI RESISTORS 
WIOUT 
RESISTORS 
WI RESISTORS 
WIOUT 
RESISTORS 


(V) 
RANGE 
(mY) 
RANGE 
(mV) 
TYP (mV) 
RANGE 
(% FS) 
RANGE 
(% FS) 
TYP 


±10 
10sBPZS10 
OsBPZS35 
+15 
-ll.4 
s G S 0.4 
-ll.3 
S G S 0.5 
+0.05 
0.15 S G{l) S 0.15 
-ll.1 
S GII) S 0.2 
+0.05 


o to 5 
-3 S UPO S 3 
-12SUPOS-3 
-7.5 
-ll.4 
S G S 0.4 
-1.0 
S G S 0.1 
-ll.2 
0.15 < G{l) S 0.15 
-ll.55 
S GII) S -ll.05 
-ll.2 


o to 4 
3 S UPO S 3 
10.5 S UPO S 
1.5 
-6 
-ll.4 
S G S 0.4 
-1.0 
S G S 0.1 
-ll.2 


-ll.15 
S GII) S 0.15 
-ll.55 
< GI') S -ll.05 
-ll.2 


Note: 
(1) High Grade. 
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SIGNAL 
CONDITIONING 


The FET switches used for the sample hold on many CMOS 
AID converters 
release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 
amount of charge injection due to the sampling FET switch 
on the IS0806 
is approximately 
5-10% of the amount 
on 
similar ADCs with the charge redistribution 
DAC (CDAC) 
architecture. 
There is also a resistive front end which attenu- 
ates 
any charge 
which 
is released. 
The 
end result 
is a 


/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
-Full 
Scale 


minimal requirement 
for the drive capability 
on the signal 
conditioning 
preceding 
the AID. Any op amp sufficient for 
the signal in an application 
will be sufficient 
to drive the 


IS0806. 


The 
resistive 
front 
end 
of the 
IS0806 
also 
provides 
a 
guaranteed ±25V overvoltage 
protection. 
In most cases, this 


eliminates 
the need for external 
over voltage 
protection 


circuitry. 


/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
" 
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PWRD 0 
PWRD 0 
PWRD1 
PWRD1 
REFD 0 
REFD 1 
REFD 0 
REFD 1 


ZCM' (ill 
1 
1 
200 
200 


ZA" 
(il) 
6k 
100M 
6k 
100M 


BURR - BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
'1:11:1' 


BURR - BROWN® 
IElElI 


Isolated 16-Bit Sampling 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
1500Vrms 
ISOLATION 
CONTINUOUS 


• 
2511SCONVERSION 
TIME 


• 
16-BIT SERIAL OUTPUT 


• 
SINGLE +5V SUPPLY 


• 
28-PIN 0.6" PLASTIC 
DIP 


The IS0807 
is a low-power 
isolated 
sampling 
ADC 
using state-of-the-art 
CMOS structures 
and high volt- 
age capacitors. The ISo807 
contains a complete 16-bit 
capacitor 
based 
SAR, ADC with SIH, clock, 
refer- 
ence, IJ.Pinterface, 
serial out and galvanic isolation. 


Laser-trimmed 
scaling 
resistors 
provide 
standard 
industrial 
input ranges 
including 
±lOV, ±5V, 0-5V, 


0-4V. They are available 
in 28-pin 0.6" wide plastic 
DIP and are specified over the industrial temperature 
range of ~IO°C to +85°C. 
• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
PC-BASED 
DATA ACQUISITION 
TEST 
EQUIPMENT 


Serial 


Data 


Out 


BURR 
- BROWN" 


113131 


For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


IS0807P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bit 


ANALOG 
INPUT 


Voltage Ranges 
±10, 0 to +5, 0 to +4 
V 
Impedance 
(see Table II) 
Capaci1ance 
- 
--_. 
- 
35 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
20 
l1S 
Complete 
Cycle 
Acquire and Convert 
25 
l1s 


Throughput 
Rate 
-."i" 
40 
kHz 


DC ACCURACY 
"''u 


Integral Linearity Error 
.- "'. 
'.- 
±3 
LSBl11 


Differential 
Uneartty Error 
+3,-2 
LSB 


No Missing Codes 
15 
Bits 


Transition 
Noise(2) 
0.8 
LSB 
Full Scale Erro~"'l 
±D,5 
% 


Full Scale Error Drift 
±7 
ppml"C 
Full Scale Error Drift 
Ext. 2.5000V Ref 
,t 
±D.5 
ppml"C 


Bipolar Zero Error(3) 
±10V Range 
±10 
mV 
Bipolar Zero Error Drift 
±10V Range 
±D.5 
ppml°C 
Unipolar Zero Error(3) 
OV to 5V, OV to 4V Ranges 
±3 
mV 
Unipolar Zero Error Drift 
OV to 5V, OV to 4V Ranges 
±D.5 
ppml"C 


Power 
Supply 
Sensitivity 
(V DIG = VANA = Vs) 
+4.75V 
<. Vs < +S.25V 
±8 
LSB 


AC ACCURACY 
Spurious-Free 
Dynamic Range 
fiN' 
1kHz, ±10V 
100 
dB(51 


Total Harmonic 
Distortion 
fiN = 1kHz, ±10V 
-100 
dB 


Signal·to-{Noise+Oistortion) 
fiN = 1kHz, ±10V 
88 
dB 


Signal-la-Noise 
fiN = 1kHz, ±10V 
88 
dB 


Useable Bandwidth(6) 
, 
130 
kHz 


SAMPLING 
DYNAMICS 
J 


Aperture 
Delay 
40 
ns 
Aperture Jitter 
20 
ps 
Overvoltage 
Recovery(7) 
750 
ns 


REFERENCE 
Internal Reference Voltage 
No Load 
2.48 
2.5 
2,52 
V 
Internal Reference 
Source Current 
1 
lIA 


(Must use external buffer.) 


Internal Reference 
Drift 
8 
ppml"C 


External Reference Voltage Range 
2.3 
2,5 
2,7 
V 


for Specified 
Linearity 


External Reference Current Drain 
Ext. 2,5000V Ref 
100 
lIA 


DIGITAL 
INPUTS 
Logic Levels 


Vil 
~,3 
1.0 
V 


V,H 
VD~·1 
Vo +0,3V 
V 
III 
Vil = OV 
±10 
lIA 


I'H 
V,H = 5V 
±10 
lIA 


DIGITAL 
OUTPUTS 
Data Coding 
ainary Two's Complement 
or Straight Binary 


VOL 
IS1NK :c 1.6mA 
0,4 
V 


VOH 
IsouReE= 500llA 
+4 
V 


POWER SUPPLIES 
Specified 
Performance 
VOIG1 
Must be S VANA 
+4,75 
+5 
+5,25 
V 


VAW. 
+4.75 
+5 
+5,25 
V 
V01G2 
+4,75 
+5.25 
V 


IOlGl 
4,2 
mA 
IANA 
5.0 
mA 


IOIG2 
10,8 
mA 
Power Dissipation 
VANA:E V01G = 5V, Fs:c 40kHz 
125 
mW 


The information 
provided 
herein is believed to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 


assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not 


authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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Products 
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A 
ELECTROSTATIC 
-- 
J.l!t;;. DISCHARGE SENSITIVITY 
ena: 
w 
i:i: 
:::::i 
0.. 
:E 
c:r:zo 


~...Io 
en 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


IS0807P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specified 
Performance 
-40 
+85 
·C 


Slorage 
-£5 
.. 


+150 
·C 


Thermal Resistance, 
¢JA 


Plastic DIP 
75 
·CiW 


ISOLATION 
PARAMETERS 


Rated Voltage, Continuous 
50Hz 
1500 
Vrms 


Partial Discharge, 
100% Te51(8) 
ls,5pC 
2500 
Vrms 


Creepage 
Distance (External) 
DIP: 
'P' 
Package 
16 
mm 


Internal Isolation Distance 
0.10 
mm 
Barrier Impedance 
>101311 15 
nil pF 
Leakage Current(9) 
240Vrms, 60Hz 
1.7 
IlArms 
240Vrms, 
50Hz 
1.4 
IlArms 


NOTES: (1) lSB 
means Least Significant 
Bit. One LSB for the ±10V input range is 4.88mV. (2) Typical rms noise at worst case transition. 
(3) As measured with 
fixed resistors shown in Figure 7b. Adjustable 
to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
Scale or +Full Scale untrimmed 
deviation from ideal first and last code transitions, 
divided by the transition voltage (not divided by the full-scale 
range) and includes the effect of offset error. (5) 
All specifications 
in dB are referred to a full-scale input. (6) Usable Bandwidth defined as Full-Scale input frequency at which SignaHo~(Noise 
+ Distortion) degrades 
to 60dB. (7) Recovers to specified performance 
after 2 x FS input overvoltage. 
(8) All devices receive a ls test. Failure criterion is ~ 5 pulses of ~ 5pC. (9) Tested 
at 2500Vrms, 
50Hz limit 101lA. 


Analog Inputs: Rl'N 
.. ................•...... 
.. 
±25V 
R2'N 
±25V 
CAP 
VANA+0.3V to AGND2 -{).3V 
REF 
Indelinile Short to AGND2, 


Momentary 
Short to VANA 


Ground Voltage Differences: 
DGf'ojDand AGNDl 
... ±0.3V 
DGND, AGND. and GND,so 
1563Vrms 


VANA 
•.••••••••••••••••••••••••••.•••••••.••.••.•••••••.•••••••••••••.•••••••••••••••••••••.•••••••.••.••••• 
7V 


VOIG 
to 
V ANA 
•.••••.••.••••.••.•••••••.•••••.•••••••.••.••.••••.••.••.••••.••.••.•••••••.••.••••.•• 
+0.3V 


~IG" 
.•.••. N 


Digital Inputs 
-{).3V to VOIG+0.3V 
Maximum Junction Temperature 
+165°C 


Internal Power Dissipation 
. 
. 
825mW 
Lead Temperature 
(soldering, 
10s) 
+300°C 


Electrostatic 
discharge can cause damage ranging from per- 
formance 
degradation 
to complete 
device 
failure. 
Burr- 


Brown Corporation 
recommends 
that all integrated 
circuits 


be handled 
and stored 
using 
appropriate 
ESD protection 
methods. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated 
circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


IS0807P 
Plastic DIP 
215·1 


MAXIMUM 
INTEGRAL 
TYPICAL 
SIGNAL·TO- 
SPECIFICATION 
MODEL 
LINEARITY 
ERROR (LSB) 
(NOISE + DISTORTION) 
RATIO (dB) 
TEMPERATURE 
RANGE 
PACKAGE 


IS0807P 
±3 
83 
-40·C 
to +85·C 
Plastic DIP 


BURR-BROWN~ 
len31 


2 
BUSY 


3 
+SV01G2 


10 
+SVDlG1 


11 
+SVAHA 


12 
R1'N 


13 
NC 


14 
R21N 


15 
CAP 


16 
REF 


17 
AGND 


18 
SB/BTC 


19 
DGND1 


26 
DGND2 


27 
DATACLK 


28 
SDATA 


nt:tdUlvonven. 
¥vIm I:su::;;y nlgn, 
a falling 
edge 
on RlC initiates 
a new conversion. 


o 
At the start of conversion 
BUSY 
goes 
LOW 
and stays 
LOW 
until conversion 
is complete. 


Isolated Digital Supply Volts. 


Digital Supply Volts. 


Analog Supply Volts. 


Analog Input. 


No Connection. 
Leave 
unconnected. 


Analog Input. 


Reference 
Buffer Output. 
2.21lF tantalum 
capacitor 
to ground. 


Reference 
InpuUOutput. 
2.2~F tantalum 
capacitor 
to ground. 


Analog 
Ground. 


Selects Straight Binary or Binary Two's Complement 
for Output Data Format. 


Digital Ground. 


Isolated 
Ground. 
o 
Data Ciock Output. 


o 
Serial Output Synchronized 
to DATACLK. 


ANALOG 
CONNECT 
R1'N 
CONNECT 
R2,N 
INPUT 
VIA 2000 
VIA 1000 


RANGE 
TO 
TO 
IMPEDANCE 


±10V 
V,N 
CAP 
45.7kQ 
OV to 5V 
AGND 
V,N 
20.0kQ 


OV to 4V 
V,N 
V,N 
21.4kQ 


IS0807 


+SVOlG1 
10 
19 
DGND1 


SB/BTC 


R11N 
AGND 


NC 
REF 


R21N 
14 
15 
CAP 


RlC 
BUSY 
DATACLK 
OPERATION 


~ 
1 
Output 
Initiates 
conversion 
"n". Valid data from conversion 
"n-1" clocked 
out on SDATA. 


0 
i 
X 
New conversion 
initiated without 
acquisition 
of a new signal. 
Data will be invalid. 
RlC must be HIGH when BUSY goes HIGH. 


X 
0 
X 
New convert 
commands 
ignored. 
Conversion 
"n" in progress. 
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o 
-10 
-20 
-30 
a;- 
-40 
~ 
-50 
! -60 
C. 
-70 


.!i! 
-80 
-90 
-100 


-110 


-120 
-130 
o 


SIGNAL-T0-(NOISE + DISTORTION) 
vs INPUT FREQUENCY (f'N • OdB) 


100 
100 


90 
90 


80 
80 


70 
70 
1il 
a;- 
~ 
80 
~ 
60 
Q 
Q 
~ 
50 
:2 
50 
(/) 
1ii 
40 
40 


30 
30 


20 
20 


10 
10 
100 
1k 
10k 
100k 
1M 


Input Signal Frequency (Hz) 


100 


95 


a;- 
90 
~ 
~ 
z 
85 
1ii 


80 


Zz~Hz 


; 
// 
""kHz 
r-- ~ 


75 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 


Temperature (0G) 
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o 
-10 
-20 
-30 
a;- 
-40 
~ 
-SO 
~ 
-60 
'a. 
-70 


.!i! 
-80 
-90 


-100 


-110 


-120 
-130 
o 
II ..,. 


OdB 


-2OdB 


-<>OdB 


4 
6 
8 
10 
12 
14 
16 
18 
20 


Input Signal Frequency (kHz) 


SFDR 
V 
--... 


I"'-.. 


"\ 


-'R 
TH~- 
r"-. 
-- 
~INA[ 


a;- 105 
~ 
a: 
t5 
100 
~ 
ci 
95 
«z 
1ii 
90 
Ii 
Q 
~ 
85 


-110 
25 
50 
75 
100 
125 
150 


Temperature 
(0C) 


-80 


-85 


-90 
a;- 


-95 
~ 
Q 
J:>- 


-100 


-105 


-- 
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TYPICAL PERFORMANCE CURVES (CO NT) 


3 
~ 
2 
en 
1 
...J 
0 
as~ 
-1 
-2 
-3 


0 


3 


~ 
2 


':'J 
1 


ffi 
0 
~ =~ 


-3 


All Codes DNL 
I 


I 
I 


I 
I 


~ _BPZError 


1 
o 
-1 
-2 


em 
0.20 


1l:l2 
~~ 


u. -{).20 


_FS '''M 
- 


25 
50 
75 
100 
125 
150 
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BASIC OPERATION 
STARTING A CONVERSION 


SERIAL 
OUTPUT 


Figure 1 shows a basic circuit to operate the lS0807 
with a 
±1OV input range and serial output. 
Taking 
Rle 
(pin 1) 
LOW for 40ns (l2~ 
max) will initiate 
a conversion 
and 
output valid data from the previous conversion 
on SDATA 
(pin 
28) 
synchronized 
to 
16 clock 
pulses 
output 
on 
DATACLK 
(pin 27). BUSY (pin 2) will go LOW and stay 
LOW until the conversion 
is completed 
and the serial data 
has been transmitted. 
Data will be output in Binary Two's 
Complement 
format, MSB first, and will be valid on both the 
rising 
and falling 
edges 
of the data cl6ck. 
BUSY 
going 
HldH 
can be used to latch the data. All convert commands 
will be ignored while BUSY is LOW. 


The IS0807 
will begin tracking the input signal at the end 
of the conversion. 
Aliowing 
25~ 
between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. 


The offset and gain are adjusted internally to allow external 
trimming 
with a single supply. The external ;esistors 
com- 
pensate for this adjustment 
and can be left out jf the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 


The Rle (pin 1) LOW for a minimum 
of 40ns immediately 
puts the samplelhold 
of the IS0807 
in the hold state and 
starts conversion 
'n'. BUSY (pin 2) will go LOW and stay 
LOW 
until conversion 
'n' 
is completed 
and the internal 
output 
register 
has been updated, 
All new convert 
com- 


mands during BUSY LOW will be ignored. 
RlC must go 
HIGH before BUSY goes HIGH or a new conversion 
will be 
initiated without sufficient 
time to acquire a new signal. 


The IS0807 
will begin tracking the input signal at the end 
of the conversion. 
Allowing 
25~ 
between 
convert 
com- 
mands assures accurate acquisition 
of a new signal. RlC is 
level triggered, 


The IS0807 
outputs serial data in Straight Binary or Binary 
Two's Complement 
data output format. If SBIBTC (pin 18) 
is HIGH, the output will be in SB format, and if LOW, the 
output will be in BTC format. Refer to Table IV for ideal 
output codes. 


Reading the data through the serial port will shift the internal ~ 
output registers one bit per data clock pulse. 
•• 


DESCRIPTION 
ANALOG 
INPUT 
DIGITAL 
OUTPUT 


Full-Scale 
Range 
"0 
OV to 5V 
OVto 4V 
BINARY TWO'S COMPLEMENT 
STRAIGHT 
BINARY 


Least 
Significant 
Bit (LSB) 
305~V 
76~V 
61~V 
(SBIBTC 
LOW) 
(SBIBTC 
HIGH) 


HEX 
HEX 


BINARY 
CODE - 
CODE 
BINARY 
CODE 
CODE 


+Full scale (FS - llSB) 
9,999695V 
4,999924V 
3,999939V 
0111 1111 1111 1111 
7FFF 
1111 1111 1111 1111 
FFFF 


Midscale 
OV 
2,5V 
2V 
0000 0000 0000 0000 
0000 
1000 0000 0000 0000 
8000 


One 
LSB 
Below 
Midscale 
-305~V 
2.499924V 
-',999939V 
1111 1111 1111 1111 
FFFF 
0111 1111 1111 -1111 
7FFF 


-Full Scale 
-10V 
OV 
OV 
1000 0000 0000 0000 
8000 
0000 0000 0000 0000 
0000 


BURR-BROWNe 
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SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


t, 
Convert Pulse Width 
0,04 
12 
~s 


t, 
BUSY Delay from 
110 
ns 
Start of Conversion 
-- 
,. 
BUSY lOW 
18,8 
20 
~s 


t5 
BUSY Delay after 
90 
ns 


End of Conversion 


to 
Aperture 
Delay 
40 
ns 


t, 
Conversion 
Time 
18,8 
20 
~s 


te 
Acquisition 
Time 
5 
~s 


t" 
Start of Conversion 
1.4 
~s 
to DATAClK 
Delay 


t" 
DATAClK 
Period 
',1 
~s 


tlO 
Data Valid to DATAClK 
75 
ns 


HIGH Delay 


t16 
Data Valid after DATAClK 
600 
ns 


lOW 
Delay 


t, + Ie 
Throughput 
Time 
25 
~s 


INTERNAL 
DATA CLOCK 
(During 
A Conversion) 


The R/e (pin 
I) LOW 
will initiate 
conversion 
'n' 
and 
activate 
the internal 
data 
clock 
(typically 
900kHz 
clock 
rate). The IS0807 
will output 
16 bits of valid data, MSB 
first, from conversion 
'n-I' 
on SDATA 
(pin 28), synchro- 
nized to 16 clock pulses output on DATACLK 
(pin 27). The 
data will be valid on both the rising and falling edges of the 
internal data clock. The rising edge of BUSY (pin 2) can be 
used to latch the data. After the 16th clock pulse, DATACLK 
will remain 
LOW 
until the next conversion 
is initiated 
SDATA will also go LOW. 
' 


The IS0807 
offers three input ranges: standard ±IOV and 
0-5V, and a 0-4V range for complete, single supply systems. 
Figures 3a and 3b show the necessary circuit connections 
for 
implementing 
each input range and optional offset and gain 
adjust circuitry. 
Offset and full scale errOl,I) specifications 
are tested and guaranteed 
with the fixed resistors shown in 
Figure 3b. Adjustments 
for offset and gain are described in 
the Calibration 
section of this data sheet. 


pensate for this adjustment 
and can be left out if the offset 
and gain will be corrected in software (refer to the Calibra- 
tion section). 


The input impedance, summarized in Table II, results from the 
combination 
of the internal resistor network 
shown on the 
front page of the product data sheet and the external resistors 
used for each input range (see Figure 4). The input resistor 
divider 
network 
provides 
inherent 
overvoltage 
protection 
guaranteed to at least ±25V. 


Analog inputs above or below the expected range will yield 
either positive full scale or negative full scale digital outputs 
respectively. 
There will be no wrapping or folding over for 
analog inputs outside the nominal range. 


Note: (1) Full scale error includes offset and gain errors measured at both +FS 
and -FS. 


HARDWARE 
CALIBRATION 


To calibrate the offset and gain of the IS0807 
in hardware, 
install the resistors 
shown in Figure 3a. Table VI lists the 
hardware 
trim ranges relative 
to the input for each input 
range. 


~ 


I 


(Results 
from 
previous 
conversion.) 
/ 


BUSY \~ 
_ 


O-SV 
Q-4V 


2000 
33."'" 


Rl~ 


Rl~ 


33.2kn 


V," 
R2m 


+5V 
1000 
R2~ 


CAP 


CAP 


REF 
REF 


17 
AGND 
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200n 
12 


V'N 
R11N 


66.5kn 
14 
+5V 
R2'N 


lOon 


15 
CAP 
2.2~F V 


16 
REF 


2.2~F 


AGND 


33.2kn 


12 
R11N 


200n 


V,N 


14 
R2'N 


100n 


15 
CAP 
2.2~F V 


16 
REF 


2.2~F 


1'0 
0 
CO0 
~ 


14 
R21N 
loon 


15 
+ 
CAP 


2.2~F V 


16 
REF 


2.2~F 
17 
AGND 


SOFTWARE 
CALIBRATION 


To calibrate 
the offset and gain in software, 
no external 
resistors are required. However, to get the data sheet speci- 
fications for offset and gain, the resistors shown in Figure 3b 
are necessary. 
See the No Calibration 
section 
for more 
details on the external resistors. 
Refer to Table VII for the 
range of offset and gain errors with and without the external 
resistors. 


laser trimmed to high relative accuracy to meet full specifi- 
cations. The actual input impedance 
of the internal resistor~ 
network 
looking 
into pin 12 or pin 
14 however, 
is only" 
accurate to ±20% due to process variations. 
This should be 
taken into account when determining 
the effects of removing 
the external resistors. 


The IS0807 
operates with its internal 2.5V reference. 
The 
internal reference has approximately 
an 8ppml°C drift (typi- 
cal) and accounts 
for approximately 
20% of the full scale 


error (FSE = ±0.5%). 


The IS0807 
also has an internal 
buffer for the reference 


voltage. 
See Figure 6 for characteristic 
impedances 
at the 
input and output 
of the buffer 
with all combinations 
of 


power down and reference 
down. 


NO CALIBRATION 


See Figure 3b for circuit connections. 
Note that the actual 
voltage dropped across the external resistors is at least two 
orders of magnitude 
lower than the voltage dropped across 
the internal resistor divider network. This should be consid- 
ered when choosing the accuracy and drift specifications 
of 
the external 
resistors. 
In most applications, 
I% metal-film 
resistors will be sufficient. 


The 
external 
resistors 
shown 
in Figure 
3b may 
not be 
necessary 
in some 
applications. 
These 
resistors 
provide 
compensation 
for an internal adjustment 
of the offset and 
gain which 
allows 
calibration 
with a single 
supply. 
Not 
using the external 
resistors 
will result in offset and gain 
errors in addition to those listed in the electrical 
specifica- 
tions section. Offset refers to the equivalent 
voltage of the 


digital output when converting 
with the input grounded. 
A 
positive gain error occurs when the equivalent 
output volt- 
age of the digital output is larger than the analog input. Refer 
to Table VII for nominal 
ranges of gain and offset errors 
with and without the external resistors. Refer to Figure 4 for 
typical shifts in the transfer functions which occur when the 
external resistors are removed. 


To further analyze the effects of removing any combination 
of the external resistors, consider Figure 5. The combination 
of the external 
and the internal 
resistors 
form a voltage 
divider 
which 
reduces 
the input 
signal 
to a 0.3125V 
to 


2.8125V input range at the CDAC. The internal resistors are 
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REF (pin 16) is an input for an external 
reference 
or the 


output 
for the internal 
2.5V reference. 
A 2.21JF tantalum 
capacitor 
should be connected 
as close as possible 
to the 


REF pin from ground. This capacitor 
and the output resis- 


tance of REF create a low pass filter to band limit noise on 
the reference. Using a smaller value capacitor will introduce 
more noise to the reference, degrading the SNR and SINAD. 
The REF pin should not be used to drive external AC or DC 
loads. See Figure 6. 


The range for the external 
reference 
is 2.3V to 2.7V and 
determines 
the actual 
LSB size. Increasing 
the reference 


voltage will increase the full scale range and the LSB size of 
the converter 
which can improve the SNR. 


CAP 


CAP (pin IS) is the output of the internal reference 
buffer. 


A 2.21JF tantalum 
capacitor 
should be placed as close as 
possible 
to the CAP pin from ground to provide 
optimum 
switching currents for the CDAC throughout the conversion 
cycle. This capacitor 
also provides 
compensation 
for the 
output of the buffer. Using a capacitor any smaller than IIJF 
can cause the output buffer to oscillate 
and may not have 
sufficient charge for the CDAC. Capacitor values larger than 
2.21JF will have little affect on improving 
performance., 8ee 
Figure 6. 


The output of the buffer is capable of driving up to lmA of 
current to a DC load. Using an external buffer will allow the 
internal reference 
to be used for larger DC loads and AC 
loads. Do not attempt to directly drive an AC load with the 
output voltage on CAP. This will cause performance 
degra- 
dation of the converter. 


POWER 


For optimum performance, 
tie the analog and digital power 
pins to the same +SV power supply and tie the analog and 
digital grounds together. As noted in the electrical specifica- 
tions, the 180807 
uses SO% of its isolated 
power for the 
analog circuitry. The 180807 front end should be considered 
as an analog component. 


OFFSET 
ADJUST 
GAIN ADJUST 
INPUT RANGE 
RANGE 
(mY) 
RANGE 
(mY) 


±10V 
±15 
±SO 


o to 5V 
±4 
±30 


o to 4V 
±3 
±30 


TABLE VI. 
Offset and Gain Adjust Ranges for Hardware 
Calibration 
(see Figure 3a). 


The +SV power for the AID should be separate from the +SV 
used for the system's 
digital logic. Connecting 
VDlOI (pin 
10) directly to a digital supply can reduce converter 
perfor- 


mance due to switching noise from the digital logic. For best 
performance, 
the +SV supply can be produced 
from what- 
ever analog supply is used for the rest of the analog signal 
conditioning. 
If + 12V or + ISV supplies are present, a simple 


+SV regulator 
can be used. Although 
it is not suggested, 
if 
the digital supply must be used to power the converter, 
be 
sure to properly 
filter the supply. 
Either 
using 
a filtered 
digital supply or a regulated 
analog supply, both VDlOI and 
VANA should be tied to the same +SV source. 


GROUNDING 


Two 
ground 
pins are present 
on the 180807 
input 
side. 
DGNDI 
is the digital supply ground. AGND is the analog 
supply ground. 
AGND 
is the ground 
to which all analog 
signals internal to the AID are referenced. 
AGND is more 
susceptible 
to current induced voltage drops and must have 
the path of least resistance 
back to the power supply. 


The ground 
pin of the AID should 
be tied to an analog 
ground 
plane, 
separated 
from 
the system's 
digital 
logic 
ground, to achieve optimum performance. 
Both analog and 


digital ground planes should be tied to the "system" 
ground 
as near to the power 
supplies 
as possible. 
This helps 
to 


prevent 
dynamic 
digital ground 
currents 
from modulating 


the analog ground through a common 
impedance 
to power 
ground. 


INPUT 
OFFSET 
ERROR 
GAIN ERROR 


RANGE 
WI RESISTORS 
WIOUT RESISTORS 
WI RESISTORS 
WIOUT RESISTORS 


(V) 
RANGE 
(mY) 
RANGE 
(mV) 
TYP (mV) 
RANGE 
(% FS) 
RANGE 
(% FS) 
TYP 


±10 
10"BPZ,,10 
0" 
BPZ" 
35 
+15 
-lJ.4 
S G S 0.4 
-lJ.3 
" G " 0.5 
+0.05 
0.15" 
G(l)" 
0.15 
-lJ.1 " G(l) " 0.2 
+0.05 


o to 5 
-3 
S UPO" 
3 
-12"UPO,,-3 
-7.5 
-lJ.4 
S G S 0.4 
-1.0" 
G" 
0.1 
-lJ.2 
0.15 S G(l) S 0.15 
-lJ.55 
S G(l) S -lJ.05 
-lJ.2 


o to 4 
-3 
S UPO" 
3 
10.5 S UPO" 
1.5 
~ 
-lJ.4 
S G S 0.4 
-1.0" 
G" 
0.1 
-lJ.2 


-lJ.15 
S G(l) S 0.15 
-lJ.55 
S G(l) S -lJ.05 
-lJ.2 


Nole: 
(1) High Grade. 
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SIGNAL 
CONDITIONING 


The FET switches used for the sample hold on many CMOS 
AID converters 
release a significant amount of charge injec- 
tion which can cause the driving op amp to oscillate. 
The 
amount of charge injection due to the sampling FET switch 
on the IS0807 
is approximately 
5-10% of the amount 
on 
similar ADCs with the charge redistribution 
DAC (CDAC) 
architecture. 
There is also a resistive front end which attenu- 


ates 
any charge 
which 
is released. 
The end result 
is a 


/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
-Full 
Scale 


minimal 
requirement 
for the drive capability 
on the signal 


conditioning 
preceding 
the AID. Any op amp sufficient for 
the signal in an application 
will be sufficient 
to drive the 
IS0807. 


The 
resistive 
front 
end 
of the IS0807 
also provides 
a 
guaranteed ±25V overvoltage 
protection. 
In most cases, this 


eliminates 
the need 
for external 
over voltage 
protection 
circuitry. 


BURR-BROWNiI 
,ElEI, 


PWRDO 
PWRD 0 
PWRD1 
PWRD1 
REFD 0 
REFD 1 
REFD 0 
REFD 1 


lcNo (0) 
1 
1 
200 
200 


Z,,, 
(0) 
6k 
100M 
6k 
100M 
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Isolated 12-Bit Sampling 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
100kHz SAMPLING 
RATE 


• 
1500Vrms 
ISOLATION 
CONTINUOUS 


• 
1OilS CONVERSION 
TIME 


• 
12-BIT SERIAL OUTPUT 


• 
SINGLE +5V SUPPLY 


• 
28-PIN 0.6" PLASTIC 
DIP 


The IS0808 
is a low-power 
isolated 
sampling 
ADC 
using state-of-the-art 
CMOS structures and high volt- 
age capacitors. The IS0808 
contains a complete 
12-bit 
capacitor 
based 
SAR, ADC with SIH, 
clock, 
refer- 
ence, JlP interface, 
serial out and galvanic 
isolation. 


Laser-trimmed 
scaling 
resistors 
provide 
standard 


industrial 
input ranges including 
±IOV, ±5V, 0-5V, 


0-4V. They are available 
in 28-pin 0.6" wide plastic 


DIP and are specified over the industrial 
temperature 
range of -40°C 
to +85°C. 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
PC-BASED 
DATA ACQUISITION 
TEST 
EQUIPMENT 


BURR-BROWNe 
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SPECIFICATIONS 


IS0808P 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bijs 


ANALOG 
INPUT 
Voltage Ranges 
± 1OV, OV to 5V, etc. (See Table I) 


Impedance 
See Table I 


Capacijance 
~. 
35 
pF 


THROUGHPUT 
SPEED 


Conversion 
Time 
5.7 
8 
I1S 


Complete 
Cycle 
Acquire and Convert 
10 
I1S 


Throughput 
Rate 
100 
kHz 


DC ACCURACY 
I 
~ 


Integral Linearity Error 
±O.9 
LSB(I) 


Differential 
Linearity Error 
~. 
±O.9 
LSB 
No Missing Codes 
Guaranteed 
Transition 
Noise(2) 
i'~ 
0.1 
LSB 


Full Scale Erro~3.4) 
±O.5 
% 


Full Scale Error Drift 
±7 
ppmf'C 


Full Scale Error Drift 
Ext. 2.5000V Ref 
±2 
• 
ppm/oC 
Bipolar Zero Error(3) 
Bipolar Ranges 
. 
±10 
mV 
Bipolar Zero Error Drift 
Bipolar Ranges 
l" 
±2 
ppm/oC 
Unipolar Zero Error(3) 
.. 
Unipolar Ranges 
±5 
mV 
Unipolar Zero Error Drift 
Unipolar Ranges 
±2 
ppmf'C 
Power Supply SensitiVity (V010 = VANA= yo) 
+4.75V < Vo < +5.25V 
±O.5 
LSB 


AC ACCURACY 
Spurious·Free 
Dynamic Range 
~N= 45kHz ±1OV 
90 
dB(5) 


Total Harmonic Distortion 
fiN = 45kHz ±10V 
-90 
dB 


Signal-to-(Noise+Oistortion) 
fiN = 45kHz ±10V 
73 
dB 
Signal·to·Noise 
I'N = 45kHz ±1OV 
73 
dB 
Full-Power 
Bandwidth(6) 
250 
kHz 


SAMPLING 
DYNAMICS 
Aperture 
Delay 
40 
ns 


Aperture Jitter 
Sufficient to meet AC specs 
ns 
Overvoltage 
Recovery(7) 
150 
ns 


REFERENCE 
Internal Reference 
Voltage 
No Load 
2.48 
2.5 
2.52 
V 


Internal Reference Source Current 
1 
l1A 


(Must use external buffer) 


External Reference 
Voltage Range 
2.3 
2.5 
2.7 
V 
lor Specilied 
Linearity 
External Reference 
Current Drain 
Ext. 2.5000V Ref 
100 
l1A 


DIGITAL 
INPUTS 
Logic Levels 
VIL 
-{).3 
1.0 
V 
V,H 
Vo-1.0 
Vo +0.3V 
V 
III 
VIL = OV 
±10 
I1A 
I'H 
V,H = 5V 
±10 
l1A 


DIGITAL 
OUTPUTS 


Data Coding 
Binary Two's Complement 
or Straight Binary 
VOL 
ISINK:: 1.6mA 
±O.4 
V 
VOH 
ISOURCE::500llA 
+4 
V 


POWER SUPPLIES 
Specified 
Performance 
V01G1 
Must be ~ VANA 
+4.75 
+5 
+5.25 
V 
VANA 
+4.75 
+5 
+5.25 
V 
V01G2 
+4.75 
+5.25 
V 
IDlG1 
4.2 
mA 
IANA 
16 
mA 
IDlG2 
10.8 
mA 
Power Dissipation 
VANA= VOIG = 5V, Is = 100kHz 
175 
mW 


The information provided 
herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 


authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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A 
ELECTROSTATIC 
• 
~ 
DISCHARGE SENSITIVITY 
en 
t- 
O 
;:) 
Coa:a. 
zo 


!ci: 
..Jo 
en 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


IS0808P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 


Specified 
Performance 
-40 
+85 
·C 


Storage 
-1l5 
+150 
·C 


Thermal Resistance, 
'JA 


Plastic DIP 
75 
OCIW 


ISOLATION 
PARAMETERS 
Rated Voltage, Continuous 
50Hz 
1500 
Vrms 


Partial Discharge, 
100% Tes~·) 
1s,5pC 
2500 
Vrms 


Creepage 
Distance (External) 
DIP = "Po Package 
16 
mm 


Internal Isolation Distance 
0.10 
! 


mm 


Barrier Impedance 
>10"1115 
Q II pF 


leakage 
Curren~') 
240Vrms, 
60Hz 
1.7 
IlArms 


240Vrms, 
50Hz 
1.4 
IlArms 


NOTES: (1) LSB means Least Significant 
Bit. One LSB for the ±10V input range is 4.88mV. (2) Typical rms noise at worst case transition. 
(3) As measured with 
fixed resistors shown in Figure 7b. Adjustable 
to zero with external potentiometer. 
(4) Full scale Brror is the worst case of -Full 
scale 
or +Ful1 Scale untrimmed 
deviation from ideal first and last code transitions, 
divided by the transition voltage (not divided by the full-scale 
range) and includes the effect of offset error. (5) 


All specifications 
in dB are referred to a full-scale input. (B) Usable Bandwidth defined as Full-Scale input frequency at which Signal-to-(Noise 
+ Distortion) degrades 
to BOdB. (7) Recovers to specified performance 
after 2 x FS input overvoltage. 
(8) All devices receive a 1s test. Failure criterion is ~ 5 pulses of 2:: 5pC. (9) Tested 
at 2500Vrms, 
50Hz limit 101lA. 


Analog Inputs: R1'N 
±25V 


R2'N . 
.. 
±25V 


R3'N 
±25V 
CAP 
VAW.+0.3V to AGND2 -<l.3V 


REF. 
.. 
Indefinite Short to AGND, 
Momentary Short to VANA 
Ground Vohage Differences: 
DGND and AGND 
±0.3V 


DGND, AGND, and GND,so 
1563Vrms 


VANA 
. 
7V 
~m~........................................ 
. 
+0.3V 
V01G •••••••••••••••••••••••••••••••••••••••••••.••••••••••.•••••••••••••.•••••••.••.••••••••••.••••••••••.•• 
7V 


Digital Inputs 
-Q.3V to VOIG +0.3V 
Maximum Junction Temperature 
+1B5°C 
Internal Power Dissipation 
700mW 


Lead Temperature 
(soldering, 
105) 
+300°C 


Electrostatic 
discharge can cause damage ranging from per- 


formance 
degradation 
to complete 
device 
failure. 
Burr- 
Brown Corporation 
recommends 
that all integrated 
circuits 


be handled 
and stored 
using 
appropriate 
ESD protection 
methods. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision 
integrated circuits 


may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


IS0808P 
28-Pin Plastic DIP 
215-1 


MAXIMUM 
INTEGRAL 
TYPICAL 
SIGNAl·TO· 
SPECIFICATION 
MODEL 
LINEARITY 
ERROR (lSB) 
(NOISE + DISTORTION) 
RATIO (dB) 
TEMPERATURE 
RANGE (·C) 
PACKAGE 


IS0808P 
±O.9 
70 
-400C to +85·C 
28-Pin Plastic DIP 


BURR-BROWNe 
IEaEaI 
Burr-Brown Ie Data Book-Linear 
Products 


1 
RC 
I 
Read/Convert. 
With BUSY 
high, a falling edge on RIG initiates a new conversion. 


2 
BUSY 
0 
At the start of conversion 
BUSY 
goes LOW 
and stays LOW 
until conversion 
is complete. 


3 
+SV01G2 
Isolated Digital Supply Volts. 


10 
+SV01G1 
Digital Supply Volts. 


11 
+SVANA 
Analog Supply Volts. 


12 
R11N 
Analog Input. 


13 
R2N 
Analog Input. 


14 
R3N 
Analog Input. 


15 
CAP 
Reference 
Buffer Output. 
2.2J.lF tantalum 
capacitor 
to ground. 


16 
REF 
Reterence 
Input/Output. 
2.2~F tantalum 
capacitor to ground. 


17 
AGND 
Analog Ground. 


18 
SBIBTC 
I 
Selects Straight Binary or Binary Two's Compiiment 
for output data format. 


19 
DGNDl 
Digital Ground. 


26 
DGND2 
Isolated Ground. 


27 
DATACLK 
0 
Data Clock Output. 


28 
SDATA 
0 
Serial Output Synchronized 
to DATACLK. 


ANALOG 
CONNECT R1,. 
CONNECT R2,. 
INPUT 
VIA lOOn 
VIA loon 
CONNECT R3,• 


RANGE 
TO 
TO 
TO 
IMPEDANCE 


±10V 
V,. 
AGND 
CAP 
22.9kn 


±5V 
AGND 
V,. 
CAP 
13.3kn 
±3.33 
V,. 
V,N 
CAP 
10.7kn 


OV to 10V 
AGND 
V,N 
AGND 
13.3kn 
OV to 5V 
AGND 
AGND 
V,. 
10.0kn 
OV to 4V 
V,N 
AGND 
V'N 
10.7kn 


TABLE 
I. Input 
Range 
Connections. 
See Figure 
3 for 
complete information. 


SYMBOL 
DESCRIPTtON 
MIN 
TYP 
MAX 
UNITS 


t, 
Convert 
Pulse Width 
40 
4500 
ns 


t2 
BUSY Delay 
120 
ns 


t3 
BUSY LOW 
8 
~ 


t, 
BUSY Delay after 
220 
ns 


End of Conversion 


t, 
Aperture 
Delay 
40 
ns 


t, 
Conversion 
Time 
5.7 
8 
~s 


t, 
Acquisition 
Time 
2 
~ 


10+ t, 
Throughput 
Time 
9 
10 
~ 


t. 
FlfC LOW to DATACLK 
Delay 
450 
ns 


t. 
DATACLK 
Period 
440 
ns 
I,. 
Data Valid to DATACLK 
20 
75 
ns 


HIGH Delay 
I" 
Data Valid after 
100 
125 
ns 


DATACLK LOW Delay 


BURR 
- BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products 
,E:lE:I, 


-----cJ 


BU::-fi~----t3-------~ 
1,- '- 
1-1, 


MODE ~ 
t,; 
Convert 
X 
Acquire 
I 


::-::::::::====::::-10-- -----------~~~.::~I 
-- 
1,-------1 


;~ 
Bit 1 Valid X 
LSB Valid 
~~ 
_ 


SPECIFIC 
FUNCTION 
Rle 
BUSY 
DATACLK 
SBIBTC 
OPERATION 


Initiate Conversion 
and Output Data 
0 
1 
Output 
X 
Initiates Conversion 
·n~. Data from conversion 
"n-1" clocked out 


on DATA synchronized 
to 12 clock pulses output on OATACLK. 


1> 0 
1 
Output 
X 
Initiates Conversion 
"n~. Data from conversion 
"n-1" 
clocked out 


on DATA synchronized 
to 12 clock pulses output on DATACLK. 


Incorrect Conversions 
0 
0>1 
X 
X 
RIG must be HIGH or a new conversion 
will be initiated without 


time for acquisition. 


Selecting Output Format 
X 
X 
X 
0 
Serial Data is output in Binary Two's Complement 
format. 


X 
X 
X 
1 
Serial Data is output in Straight Binary format. 


DIGITAL 
OUTPUT 


BINARY TWO'S 
COMPLEMENT 
STRAIGHT 
BINARY 
(SBIBTC 
LOW) 
(SB/BTC 
HIGH) 


HEX 
HEX 
DESCRIPTION 
ANALOG 
INPUT 
BINARY 
CODE 
CODE 
BINARY 
CODE 
CODE 


Full-Scale Range 
±10 
±5 
±3.33V 
OV to 5V 
OV to 10V 
OV to 4V 


Least Signiticant 
Bit (LSB) 
4.88mV 
2.44mV 
1.63mV 
1.22mV 
2.44mV 
0.98mV 


+Full Scale (FS - 1LSB) 
9.99512V 
4.99756V 
3.33171V 
4.99878V 
9.99756V 
3.99902V 
0111 1111 1111 
7FF 
111111111111 
FFF 


Midscale 
OV 
OV 
OV 
2.5V 
5V 
2V 
0000 0000 0000 
000 
1000 0000 0000 
800 


One LSB Below Midscale 
-4.88mV 
-2.44mV 
-1.63mV 
2.49878V 
4.99756V 
1.99902V 
111111111111 
FFF 
0111 1111 1111 
7FF 


-Full 
Scale 
-10V 
-5V 
-3.333333V 
OV 
OV 
OV 
1000 0000 0000 
800 
0000 0000 0000 
000 


BURR - BROWN_ 
IE:II=~I 
Burr-Brown Ie Data Book-Linear 
Products 


For Immediate Assistance, Contact Your Local Salesperson 


With Trim 
Input 
Range 
Without 
Trim 
(Adjust 
offset 
first at OV, then 
adjust 
gain) 


2000 
2000 
R11N 
R11N 


1000 
1000 
V,N 
R21N 
V,N 
R21N 


33.2kfl 


R31N 
33.2kfl 
R3'N 
OV -10V 


CAP 
+SV 
CAP 


+ 
-i 


2.2~F .¢. 
REF 
SOkfl 
REF 


2.2~F 


AGND 
AGND 


2000 
2000 
RllN 
RllN 


AGND 
AGND 


1000 
1000 
33.2kfl 
R21N 
33.2kfl 
R21N 


OV - 5V 
V,N 
R31N 
V,N 
R31N 
+SV 


CAP 
oowi 


CAP 


+.¢. 2.2~F 
REF 
2.2~F 
REF 


2.2~F 


AGND 
AGND 


2000 
V,N 
RllN 


AGND 


R2lN 


R31N 


CAP 


REF 


AGND 


2000 


RllN 


AGND 


R21N 


R31N 


CAP 


REF 


AGND 


BURR-BROWN4D 


Burr-Brown Ie Data Book-Linear 
Products 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 


With Trim 


Input 
Range 
Without 
Trim 
(Adjust 
offset 
first at av, then 
adjust 
gain) 


200n 
200n 
V,N 
R1tN 
V1N 
R1tN 


loon 
loon 


R21N 
R21N 


R3lN 
±10V 


+5V 
+ 
CAP 
-1 


2.2~F V 


576kfl 
REF 


CO0 
CO0 


200n 
~ 


R11N 
R11N 


loon 
loon 
V,N 
R21N 
VIN 
R21N 


33.2kfl 
en 


R31N 
33.2kfl 
R31N 
~ 


2.2~F7 
0 


±5V 
:) 


CAP 
+5V 
+5V 
CAP 
C 


+ 
-i 


0 


~2.2~F 
REF 
50kfl 
REF 
a:: 
D. 
Z 
AGND 
AGND 
0 


~..J 
0 
en- 
200n 
200n 
V,N 
R11N 
V,N 
RllN 


lOon 
loon 


R21N 
R2tN 


R31N 
R31N 
±3.33V 
33.2kfl 
+ 


2.2~F~ 


CAP 
+5V -i 


CAP 
~i 


576kfl 


REF 
REF 
+r 22~F 
2.2~F 


AGND 
AGND 


FIGURE 
3b. Offset/Gain 
Circuits for Bipolar Input Ranges. 
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BURR - BROWN® 
113131 


Isolated 16-Bit Sampling 
ANALOG- TO-DIGITAL 
CONVERTER 


• 
100kHz SAMPLING 
RATE 


• 
1500Vrms 
ISOLATION 
CONTINUOUS 


• 
1OilS CONVERSION 
TIME 


• 
16-BIT SERIAL 
OUTPUT 


• 
SINGLE 
+5V SUPPLY 


• 
28-PIN 0.6" PLASTIC 
DIP 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
PC-BASED 
DATA ACQUISITION 
TEST 
EQUIPMENT 


The IS0809 
is a low-power 
isolated sampling 
ADC 


using state-of-the-art 
CMOS structures and high volt- 
age capacitors. The IS0809 
contains a complete 
l6-bit 
capacitor 
based 
SAR, ADC with SIH, 
clock, 
refer- 
ence, ~P interface, 
serial out and galvanic isolation. 


Laser-trimmed 
scaling 
resistors 
provide 
standard 
industrial 
input ranges including 
±lOV, 
±5V, 0-5V, 


OAV. They are available 
in 28-pin 0.6" wide plastic 


DIP and are specified over the industrial 
temperature 
range of -40°C 
to +85°C. 


BURR-BROWN* 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


IS0809P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESOLUTION 
12 
Bits 


ANALOG 
INPUT 
Voltage Ranges 
±10V, OV to 5V, etc. (See Table I) 
Impedance 
See Table I 
Capacitance 
35 
pF 


THROUGHPUT 
SPEED 
Conversion 
Time 
7.6 
8 
lIS 
Complete 
Cycle 
Acquire and Convert 
10 
lIS 
Throughput 
Rate 
100 
kHz 


DC ACCURACY 
Integral Linearity Error 
±4 
LSB(') 


Differential 
Linearity Error 
. 
±4 
LSB 
No Missing Codes 
15 
en 
Transition 
Noise(2) 
1.3 
LSB 
Full Scale Erro"'··) 
±O.5 
% 
0 
Full Scale Error Drift 
.; 


±7 
ppmJ"C 
CO 


Full Scale Error Drift 
Ext. 2.500QV Ret 
±2 
ppm/'C 
0 
Bipolar Zero Error(3) 
Bipolar Ranges 
±10 
mV 
~ 
Bipolar Zero Error Drift 
Bipolar Ranges 
±2 
ppml'C 
Unipolar Zero Error(3) 
Unipolar Ranges 
3 
mV 
Unipolar Zero Error Drift 
Unipolar Ranges 
±2 
ppmJ"C 
Power Supply Sensitivity 
(VOIO 3 V_ 
3 Vo) 
44.75V < Vo < +5.25V 
8 
LSB 


ACACCURACY 
Spurious-Free 
Dynamic Range 
fIN : 45kHz ±1 OV 
100 
dBIS) 


Total Harmonic 
Distortion 
fiN 345kHz 
±1 OV 
-100 
dB 
en 
Signal-to-(Noise+Distortion} 
fiN. 
45kHz ±10V 
88 
dB 
a: 
Signal-ta-Noise 
IIN = 45kHz ±1 OV 
88 
dB 
W 
Full-Power 
Bandwidth(6) 
250 
kHz 


SAMPLING 
DYNAMICS 
u: 
Aperture Delay 
40 
ns 
:J 
Aperture Jitter 
Sufficient to meet AC specs 
ns 
a. 
Overvoltage 
Recovery(7) 
150 
ns 


REFERENCE 
::E 


Internal Reference 
Voltage 
No Load 
2.48 
2.5 
2.52 
V 
<t 
Internal Reference 
Source Current 
1 
IlA 
Z 
(Must use external buffer) 
External Reference Voltage Range 
2.3 
2.5 
2.7 
V 
0 
for Specified Linearity 
~ 
External Reference Current Drain 
Ext. 2.50OOV Ref 
100 
IlA 


DIGITAL 
INPUTS 
...J 
Logic Levels 
0 
Vil 
-<J.3 
1.0 
V 


V'H 
Vo-1.0 
Vo+0.3V 
V 
en 
I'L 
VIl- 
OV 
±10 
IlA 


I'H 
V'H = 5V 
±10 
IlA 


DIGITAL 
OUTPUTS 
.. 


Data Coding 
Binary Two's Complement 
or Straight Binary 
VOL 
IS1NK 
"" 1.6mA 
±O.4 
V 
VQH 
ISOURCE= 5001lA 
+4 
V 


POWER SUPPLIES 
Specified 
Performance 
VOlO1 
MustbesV_ 
+4.75 
+5 
+5.25 
V 
V_ 
+4.75 
+5 
+5.25 
V 
V01G2 
+4.75 
+5.25 
V 


10101 
4.2 
mA 
1- 
21 
mA 
10102 
10.8 
mA 
Power Dissipation 
V""". 
Vo",' 
5V. Is: 
100kHz 
175 
mW 


The 
inform:ltion 
provided 
herein 
is believed 
to be 
reliable; 
however, 
BURR-BROWN 
assumes 
no 
responsibility 
for 
inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change without 
notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 


authorize 
or warrant any BURR· BROWN product for use in life support devices and/or systems. 


BURR-BROWNi& 
I~~I 
Burr-Brown Ie Data Book-Linear 
Products 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 
(CO NT) 


ELECTRICAL 


IS0809P 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


TEMPERATURE 
RANGE 
Specified Performance 
-40 
+85 
'C 
Storage 
~5 
+lSO 
'C 
Thermal Resistance, 
;JA 
Plastic DIP 
75 
"CIW 


ISOLATION 
PARAMETERS 
Rated Voltage, Continuous 
50Hz 
1500 
Vrms 
Partial Discharge, 
100% Tes~81 
ls,5pC 
2500 
Vrms 
Creepage 
Distance (Exlernal) 
DIP. 
·P" Package 
16 
mm 


Internal 
Isolation 
Distance 
0.10 
mm 
Barrier 
Impedance 
>10'31115 
nil 
pF 
Leakage 
Current(9) 
240Vrms, 60Hz 
1.2 
)lArms 
240Vrms, SOHz 
1.0 
)1Arms 


NOTES: (1) LSB means Least Significant 
Bit. One LSB for the ±1 OV input range is 4.88mV. (2) Typical rms noise at worst case transition. 
(3) As measured with 
fixed resistors shown in Figure lb. 
Adjustable 
to zero with external potentiometer. 
(4) Full scale error is the worst case of -Full 
scale 
or +Full scale 
untrimmed 
deviation from ideal first and last code transitions, 
divided by the transition vonage (not divided by the full-scale 
range) and inciudes the effect of offset error. (5) 
AUspecifications 
in dB are referred to a full~scale input. (6) Usable Bandwidth defined as Full-Scale input frequency at which Signal-to-(Noise 
+ Distortion) degrades 
to 6OdB. (7) Recovers to specified performance 
after 2 x FS input overvoltage. 
(8) Ail devices receive a 1s test. Failure criterion is ~ 5 pulses of ~ 5pC. (9) Tested 
at 2500Vrms, 
50Hz limit 10)lA. 


Analog Inputs: Rl'N 
±25V 
R2'N 
±25V 
R3'N . 
.. 
±25V 
CAP 
VANA+0.3V to AGND2 -<l.3V 
REF . 
...... Indefinite Short to AGND, 
Momentary Short to VANA 
Ground Vonage Differences: 
DGND and AGND 
±0.3V 
DGND. AGND. and GNDISO 
•.•.•.•.•.• 1563Vrms 


........................ 
.. 
7V 


.................................. 
..+0.3V 


............................ 
7V 
. -<l.3V to VOIG +0.3V 


....... +165'C 


.. 
700mW 


........ +3OO'C 


VANA ••••••••••••••••••• 
VOIG to VANA 


VOIG·•····•• 
Digital inputs 
Maximum Junction Temperature 
Internal Power Dissipation 
. 


Lead Temperature 
(soldering, 
10s). 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!" 


IS0809P 
28-Pin Plastic DIP 
215-1 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge can cause damage ranging from per- 
formance 
degradation 
to complete 
device 
failure. 
Burr- 


Brown Corporation 
recommends 
that all integrated 
circuits 
be handled 
and stored 
using 
appropriate 
ESD 
protection 
methods. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 
published 
specifications. 


MAXIMUM 
INTEGRAL 
TYPICAL 
SIGNAL· TO- 
SPECIFICATION 
MODEL 
LINEARITY 
ERROR (lSB) 
(NOISE + DISTORTION) 
RATIO (dB) 
TEMPERATURE 
RANGE ('C) 
PACKAGE 


IS0809P 
±4 
83 
-4O'C 
to +85'C 
28-Pin Plastic DIP 


BURR· BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
11::31::31 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


DIGITAL 
PIN' 
NAME 
VO 
DESCRIPTION 


RC 
Read/Convert. 
With BUSY high, a falling edge on RlC initiates a new conversion. 


BUSY 
0 
At the start of conversion 
BUSY goes LOW and stays LOW until conversion 
is complete. 


3 
+SV01G2 
Isolated Digital Supply Volts. 


10 
+SV01Gf 
Digital Supply Volts. 


11 
+SVANA 
Analog Supply Volts. 


12 
RtlN 
Analog Input. 


13 
R2. 
Analog Input. 


14 
RS. 
Analog Input. 


15 
CAP 
Reference 
Buffer Output. 2.21lF tantalum capacitor to ground. 


16 
REF 
Reference 
InpuVOutput. 2.2~F tantalum capacitor 
to ground. 


17 
AGND 
Analog Ground. 


18 
sllIBTC:: 
selects 
Straight Binary or Binary Two's Complement 
for output data format. 


19 
DGND1 
Digital Ground. 


26 
DGND2 
Isolated Ground. 


27 
DATACLK 
0 
Data Clock Output. 


28 
SDATA 
0 
Serial Output Synchronized 
to DATACLK. 


ANALOG 
CONNECTR1 •• 
CONNECT R2", 
INPUT 
VIA 2000 
VIA 1000 
CONNECT R3", 


RANGE 
TO 
TO 
TO 
IMPEDANCE 


±10V 
V" 
AGND 
CAP 
22.9l<!l 
±5V 
AGND 
V" 
CAP 
13.3kil 


±3.33 
V" 
V" 
CAP 
10.7kil 
OV to 10V 
AGND 
VIN 
AGND 
13.3kO 
OV to 5V 
AGND 
AGND 
V" 
10.0kO 
OV to 4V 
V" 
AGND 
V" 
10.7kO 


TABLE 
1. Input 
Range 
Connections. 
See 
Figure 
3 for 
complete information. 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


I, 
Convert Pulse Width 
40 
4500 
ns 


t, 
BUSY Delay 
120 
ns 


t3 
BUSY 
LOW 
8 
~ 


t, 
BUSY 
Delay a«er 
220 
ns 
End of Conversion 


t, 
Aperture Delay 
40 
ns 


1, 
Conversion 
Time 
5.7 
8 
~s 
I, 
Acquisition 
Time 
2 
~s 


t,,+ t, 
Throughput 
Time 
9 
10 
~s 


ta 
RIG LOW to DATACLK 
Delay 
450 
ns 


t, 
DATACLK 
Period 
440 
ns 


t,. 
Data Valid to DATACLK 
20 
75 
ns 
HIGH Delay 


t" 
Data Valid after 
100 
125 
ns 
DATACLK 
LOW Delay 


BURR-BROWNe 
11511511 
Burr-Brown Ie Data Book-Linear 
Products 


1,- 


I-I, 


Acquire 


-----I,;-----~-- 
1,---0 


:~ 
Bit 
1 Valid 
X 
LSB 
Valid 
A~ 
_ 


t'l 


BUSY ~=.=============================~-1-3----- -- 
'1 


SPECIFIC 
FUNCTION 
RlC 
BUSY 
DATACLK 
SBIBTC 
OPERATION 


Initiate Conversion 
and Output Data 
0 
1 
Outpul 
X 
Initiates Conversion 
"n". Data from conversion 
"n-1" clocked out 


on 
DATA 
synchronized 
to 
12 clock 
pulses 
outpul 
on 
DATACLK. 


1> 
0 
1 
Outpul 
X 
Initiates Conversion 
"0", Data from conversion 
"n--1" clocked out 
on DATA synchronized 
to 12 clock pulses output on DATACLK. 


Incorrect Conversions 
0 
0> 
1 
X 
X 
Ale 
must be HIGH or a new conversion 
will be initiated without 


time for acquisition. 


Selecting Output Format 
X 
X 
X 
0 
Serial Data is output in Binary Two's Complement 
format. 


X 
X 
X 
1 
Serial Data is output in Straight Binary fannat. 


, 
" 
DIGITAL 
OUTPUT 


BINARY 
TWO'S 
COMPLEMENT 
STRAIGHT 
BINARY 


(SBlBTC 
LOW) 
(SBlBTC 
HIGH) 


HEX 
HEX 


DESCRIPTION 
ANALOG 
INPUT 
BINARY 
CODE 
CODE 
BINARY 
CODE 
CODE 


Full·Scale 
Range 
±10 
±5 
±3.33V 
OV to 10V 
OV to 5V 
OV to 4V 


Least S~nificanl 
Bft (LSB) 
305llV 
153uV 
102uV 
153uV 
76uV 
61uV 


.Full 
Scale (FS - 1LSB) 
9.999695V 
4.999847V 
3.333231 
V 
9.999847V 
4.999924V 
3.999939V 
0111 
1111 
1111 
1111 
7FFF 
1111111111111111 
FFFF 


Midscale 
OV 
OV 
OV 
5V 
2.5V 
2V 
0000 
0000 
0000 
0000 
0000 
1000 
0000 
0000 
0000 
8000 


One LSB Below Midscale 
-305uV 
-153uV 
-102uV 
4.999847V 
2.499924V 
1.999939V 
1111111111111111 
FFFF 
0111111111111111 
7FFF 


-Full Scale 
-10V 
-5V 
-3.333333V 
OV 
OV 
OV 
1000 
0000 
0000 
0000 
BOOO 
0000 
0000 
0000 
0000ססoo 
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."Ilil 
111111 


Input 
Range 
Without 
Trim 
(Adjust 
offset 
first at av, then 
adjust 
gain) 


200n 
200n 


R11N 
R11N 


loon 
lOon 
V,N 
R2'N 
V,N 
R2lN 


33.2kfl 


R31N 
33.2kn 
R31N 


OV -10V 


CAP 
+SV 
CAP 


+ 
W~i 
2.2~F .¢. 
REF 
SOkfl 
REF 


AGND 
AGND 
Q)0 
CO0 
en 
200n 
- 
200n 
R1lN 
R11N 


AGND 
AGND 


100n 
lOon 
en 
33.2kfl 
R21N 
33.2kfl 


R21N 
a: 
W 
OV - 5V 
V,N 
R31N 
V,N 
R3lN 
u: 
+5V 
W~i 


CAP 
:J 
CAP 
C. 


+ 
:E 
~ 
2.2~F 
REF 
2.2~F 
REF 
<C 


2.2~F 
Z 
AGND 
AGND 
0 


~..J 
0 


200n 
200n 
en 


V,N 
R1lN 
V,N 
R11N 


AGND 
AGND 


loon 


R2lN 
R2fN 


OV - 4V 
R3lN 
R31N 


33.2kfl 


+5V 
CAP 
CAP 


50kfl 
SOkfl 
REF 


REF 


AGND 
AGND 


FIGURE 
3a. Offset/Gain 
Circuits for Unipolar Input Ranges. 
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200n 
200n 


R11N 
R11N 


100n 
100n 
V1N 
R21N 
V1N 
R21N 


33.21Ul 
33.21Ul 
R31N 


±5V 
2.2~F~ 


+5V 
+5V 
CAP 


i2.2~F 
-i 


50kn 
REF 


AGND 


Without 
Trim 


200n 
V1N 
R1lN 


loon 
R21N 


33.21Ul 
R31N 


CAP 


+ 
~2.2~F 


200n 
V1N 
R11N 


100n 


R2lN 


33.21Ul 
R31N 
±3.33V 


CAP 


REF 


J 


2.2~F 
2.2~F 


AGND 


With Trim 
(Adjust 
offset 
first at OV, then adjust 
gain) 


V1N 
R11N 


100n 
R21N 


3.21Ul 
R31N 


501Ul 
+ 
CAP 


2.2~F 9' 


5761Ul 
REF 


AGND 


200n 
A11N 


A21N 


R31N 


CAP 


5761Ul 
REF 


AGND 
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Isolated, Self-Powered, 
Temperature Sensor Conditioning 
4-20mA TWO-WIRE TRANSMITTER 


• 
1500Vrms 
ISOLATION 


• 
TRUE TWO,WIRE 
OPERATION: 
Power 
and Signal 
on One Wire Pair 


• 
RESISTANCE 
OR VOLTAGE 
INPUT 


• 
DUAL MATCHED 
CURRENT 
SOURCES: 
400~at7V 


• 
WIDE SUPPLY 
RANGE 12V TO 36V 


• 
PT100 RTD LINEARIZATION 


The IXRlOO is an isolated 2-wire transmitter featuring 
loop 
powered 
operation 
and 
resistive 
temperature 


sensor 
conditioning 
(excitation 
and 
linearization). 
It contains a DCIDC convertor, 
high accuracy instru- 
mentation amplifier with single resistor programmable 
span and linearization, 
and dual matched 
excitation 
current 
sources. 
This combination 
is ideally 
suited 
to a range 
of transducers 
such 
as thermocouples, 
RTDs 
thermistors 
and strain gages. The small size 
makes it ideal for use in head mounted isolated tem- 
perature transmitters 
as well as rack and rail mounted 
equipment. 


• 
INDUSTRIAL 
PROCESS 
CONTROL: 
All Types 
of ,Isolated 
Transmitters; 
Pt100 RTD' 
Thermocouple 
Inputs 
Current 
Shunt 
(mV) Inputs 


• 
ISOLATED 
DUAL CURRENT 
SOURCES 


• 
AUTOMATED 
MANUFACTURING 


• 
POWER PLANT/ENERGY 
MONITORING 


• 
GROUND 
LOOP ELIMINATION 


The isolated two-wire transmitter 
allows signal trans- 
mission and device power to be supplied on a single 
wire-pair 
by modulating 
the power 
supply 
current 
with the isolated 
signal 
source. 
The 
transmitter 
is 


resistant 
to voltage, drops from long runs and noise 
from motors, relays, actuators, 
switches, transformers 


and industrial 
equipment. 


It can be used by OEMs producing isolated transmitter 
modules or by data acquisition 
system manufacturers. 


The IXRlOO is also useful for general purpose isolated 
current transmission 
where the elimination 
of g~ound 
loops is important. 


O.4mA 


Intemetlonal 
Airport Industrial 
Park 
• 
Mailing Add •••• : PO Box 11400 
• 
Tucson, AZ 85134 
Street Address: 6730 S. Tucson Blvd. 
• 
Tucson, AZ 85706 
Tel: (520) 746-1111 
Twx: 910-952·1111 
• 
cabla: BBRCORP 
• 
Telex: 066-6491 
• 
FAX: (520) 889-1510 
• 
Immediate Product Info: (BOO) 54U132 
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ELECTRICAL 


At Vs = +24V. T. : +25"<:. unless otherwise noted. 


IXR100 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


OUTPUT AND LOAD CHARACTERISTICS 
Output Current 
Linear Operating 
Region 
4 
20 
mA 
Output Current limit 
32 
mA 
Loop Supply Voltage 
11.6 
36 
VDC 
Load Resistance 
.. 
RLOAO• 
(Ys -11.6)no 
n 


ZERO 
Initial Error(1) 
V,N• 
O. Rs'- 
300 
IlA 
vs Temperature 
.' 
" 
200 
ppm FSR/"C 


SPAN 
Output Current Equation 
As in 0., V1N in V 
10z 4mA + [0.016 + (40/Rs>J(V,N) 
Span Equation 
S = [0.016 + (40/Rs>J 
AN 


Untrimmed 
Error 
(I) 
;, 
-2.5 
0 
% 
vs Temperature 
Excluding TCR of Rs 
50 
100 
ppml"C 


Nonlinearity: 
EMF Input 
(2) 
0.01 
0.025 
%FSR 


: Pt100 Input 
(3) 
0.1 
%FSR 


INPUT 


F 


Voltage Range 
Rs=- 
1 
V 
Common-Mode 
Range 
VtN+; VIN- with Respect 
to COM 
2 
4 
V 
Offset Voltage 
0.5 
2.5 
, 
mV 


V$ Temperature 
3 
5 
~V/·C 
vs Supply 
'.. 
" 
100 
dB 


CURRENT SOURCES 
Magnitude 
0.4 
mA 
Accuracy 
1 
% 


vs Temperature 
50 
100 
ppml·C 


Match 
.0.5 
% 


vs Temperature 
25 
50 
ppml"C 


DYNAMIC 
RESPONSE 
Settling Time 
To 0.1% of Span 
500 
ms 


TEMPERATURE 
RANGE 
Operating 
-20 
+70 
·C 


Storage 
-40 
+85 
·C 


ISOLATION 
V,SO 
1000 JP 
Vrms 
Isolation Voltage 
V,SO 
1500 KP 
Vrms 


Power Supply (+Vs -lOUT) 
40V 
Input Voltage (Com to V,N) 
.. 
9V 
Storage Temperature 
Range 
-40°C to +85°C 
Lead Temperature 
(soldering 10s) 
... +300·C 
Output Current limit 
Duration 
Continuous 
Power 
Dissipation 
_ 
SOOmW 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Electrostatic 
discharge 
can cause 
damage 
ranging 
from 
performance 
degradation 
to complete 
device failure. Burr- 
Brown Corporation 
recommends 
that this integrated 
circuit 
be handled 
and stored 
using 
appropriate 
ESD protection 
methods. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERi') 


IXR100 
2-Wire Transmitter 
901 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
prodUct for use in life support devices and/or systems. 
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DISCUSSION 
OF PERFORMANCE 


The IXRIOO makes 
the design 
of isolated 
two wire 4 to 
20mA 
transmitters 
easy and provides 
exceptional 
perfor- 
mance at very low cost. It combines several unique features 
not previously 
available in a single package. These include 
galvanic isolation, sensor excitation and linearization, 
excel- 
lent DC performance, 
and low zero and span drift. The 
IXRIOO functions 
with voltages 
as low as 11.6V at the 
device. 
This allows 
operation 
with power 
supplies 
at or 
below l5V. When used with the RCV420 the complete 4 to 
20mA 
current 
loop requires 
only 
13.1V. If series 
diode 
protection 
is desired 
the minimum 
loop supply voltage is 
still only about 13.7V. This is especially 
useful in systems 
where the available 
supplies are only 15V. 


BASIC CONNECTION 


The basic connection of the IXRIOO is shown in Figure 1. A 
differential 
voltage applied between pins 2 and 3 will cause 
a current of 4 to 20mA to circulate 
in the two wire output 
loop pins 
28 and 
18. Pins 
1 and 4 supply 
the current 
excitation for resistive sensors. Pins 6 and 7 are provided for 
the connection 
of an external span resistor which increases 
the gain. Pins 8 and 9 provide linearity correction. 
Pins 10, 
11 and 12 adjust the output offset current. 
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The IXRlOO comprises 
of several functions: 


• Sensor excitation 


• Internal voltage regulator 


• Input amplifier 
and VfI converter 


• Linearization 
circuit 


SENSOR 
EXCITATION 


Sensor Excitation 
consists 
of two matched 
O.4mA current 
sources. One is used to excite the resistive 
sensor and the 
other is used to excite the zero balance resistor Rz. When the 
linearity correction 
feature is used these current sources are 
modulated 
together so that three wire operation 
of a PtlOO 
RTD is possible. 


INTERNAL 
VOLTAGE 
REGULATOR 


The circuitry within the IXRlOO regulates the supply voltage 
to the DCIDC 
Converter, 
Input 
Amplifier, 
Linearization 
Amplifier and VfI Converter and removes the normal varia- 
tions in Vs from these stages as the output spans from 4 to 
20mA. 


O.4mA 
Optional 
0.4mA 
Offset 
Ro 
Adjust 
4 


+VIN 
+ 
10 11 
12 


R 
S 


(2) 
IXR100 


7 


10: 4mA + (0.016 + :) 
V,. 
s 


V,. = IREF (RTD - Rz) 


The Input Amplifier 
is an instrumentation 
amplifier 
whose 
gain is set by Rs, it drives the VII Converter 
to produce a 4 
to 20mA output current. The Input Amplifier has a common 
mode voltage range of 2 to 4V with respect to COM (pin 5). 
Normally 
this 
requirement 
is satisfied 
by returning 
the 
currents from the RID 
and zero balance resistor Rz to COM 
through 
a common 
mode resistor ReM' For most appli~a- 
tions a single value of 3.9kO may be used. When used with 
RTDs having large values of resistance ReM must be chosen 
so that the inputs of the amplifier 
remain 
within its rated 
common 
mode 
range. 
ReM should 
be bypassed 
with 
a 
0.011JF or larger capacitor. 


The Linearity Correction 
Circuit is unique in several ways. 
A single 
external 
resistor 
will 
provide 
up to 50 times 
improvement 
in the basic RTD linearity. 
Terminal 
based 
non-linearity 
can be reduced to less than 10.1 % for all RTD 
temperature 
spans. The Linearization 
circujt also contains an 
instrumentation 
amplifier 
internally 
connected 
to the ±V IN 
pins. The gain of this stage is set by RLIN. The output 
controls the excitation current sources to produce an increas- 
ing excitation current as VINincreases. An important feature 
is that the Linearity Correction 
is made directly to the RTD 
output independent 
of the gain of the Input Amplifier. 
This 
provides 
minimal 
interaction 
between 
Rs and 
Rz. This 
feature 
can 
be useful 
at the systems 
level 
by reducing 
data 
acquisition 
system processor 
overhead 
previously 
used to 
linearize sensor response 
in software/frrrnware. 


NOTES: 
(1) Rz = RTD resistance 
at the minimum process temperature. 


(2) Rs : 
40 
n. 
0.016/(aV,.) - 0.016 


(3) RUN"" soon to 1500n 
or - 
if linearization 
is not required. 


DC/DC CONVERTER 


The DCIDC 
Converter 
transfers 
power 
from the 2 wire 
current loop across the barrier to the circuitry 
used on the 
input side of the isolation barrier. 


IREF1, IREF2 


These pins provide 
a matched 
pair of current 
sources 
for 
sensor excitation. 
These current 
sources provide 
excellent 
thermal tracking, and when the linearization 
feature is used, 
are modulated 
by an equal amount. Their nominal 
current 
value is OAmA and their compliance 
voltage is: 


VIN+ < V1REF < (Com + 7V) 


VREF 
1 
= 400lJA + -- 
REF 
2R 
uN 


+V1N, -V1N 


These 
are the inputs to both the input amplifier 
and the 
linearization 
amplifier. 
Because 
the 
1XR 100 has 
been 
optimized 
for RID 
applications, 
the two sets of inputs are 
internally 
connected. 


RS1, RS2 


The resistor connected across these terminals determines the 
gain 
of the 
IXRlOO. 
For 
normal 
4-20mA 
outputs: 


40 
Rs= ------ 
0 
(1) 
0.016/(~VIN) - 0.016 
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RL1, RL2 


The resistor connected 
between these terminals 
determines 
the gain 
of the 
linearization 
circuit 
and the amount 
of 
correction 
applied to the RID. 
Its value may be determined 
in several ways. Two of which are shown as follows. 


\. Empirically 
by interactively 
adjusting RUN' Rs and Rz to 
achieve best fit 4 to 20mA output. Rz is used to set 4mA 
at minimum 
input, Rs is adjusted for 12mA with a half 
span input, and RUN is adjusted to give 20mA with a full 
span 
input. 
This 
may 
require 
a few iterations 
but is 
probably the most practical method for field calibration. 
RUN will range 
between 
500n 
and 
1500n 
for lOOn 
sensors (PtlOO, D100, SAMA). 
Initially 
it may seem a 
little strange adjusting Rs for 12mA and RUN for 20mA. 
However, convergence 
is achieved much more quickly as 
the linearized 
curve passes 
through 
zero and has less 
effect at the mid span and the linearity trim resistor tends 
to adjust the transfer function more at the full span than 
the mid point. 


2. Using Table I and linear interpolation 
for values of span 
not given in the table. This will yield very accurate results 
for the PtlOO sensor and acceptable 
results for DlOO and 
SAMA sensors. 


o 


o 
ZERO ADJUST 
(OPTIONAL) 
0S1, 0S2, 053 
The IXRlOO has provision 
for adjusting 
the output offset 
current 
as shown 
in Figure 
2. In many 
applications 
the 
already low offset will not need to be known at all. This trim 
effects the VII converter 
stage and does not introduce 
Vos 
drift errors that occur when the trim is performed at the input 
stage. If possible use Rz to trim sensor output error to zero 
and use the offset control to trim the output to 4mA when 
VIN = OV. The 
offset 
adjustment 
can be made 
with 
a 


TUIN(OC) 
50 
100 
200 
300 
400 
500 
600 
700 
800 
900 
10001 


-200 
573 
653 
839 
995 
1083 
1131 
1152 
1159 
1159 
1154 
~ 
. -150 
745 
855 
1059 
1158 
1197 
1206 
1205 
1196 
1175 
1151 
1127 
-100 
983 
1105 
1228 
1251 
1249 
1231 
1207 
1182 
1156 
1129 
-50 
1233 
1284 
1286 
1262 
1236 
1208 
1180 
1152 
1125 
1097 


0 
1302 
1287 
1273 
1229 
1201 
1173 
1145 
1117 
1089 
50 
1263 
1249 
1220 
1192 
1184 
1136 
1108 
1081 ~ 
100 
1225 
1211 
1183 
1155 
1127 
1100 
1073 
1046 
150 
1188 
1174 
1146 
1119 
1091 
1084 
1038 
1011 


200 
1151 
1137 
1110 
1083 
1056 
1030 
1003 
250 
1114 
1101 
1074 
1048 
1021 
995 ~ 
300 
1079 
1066 
1039 
1013 
987 
962 
350 
1044 
1031 
1005 
979 
954 
928 


400 
1009 
996 
971 
946 
921 
450 
975 
963 
938 
913 
888 
500 
942 
930 
905 
881 "-- 


550 
909 
897 
873 
849 
NOTES: 
(1) Linearinterpolation 
between 
two horizon 


600 
877 
865 
841 
or vertical values yields acceptable 
values. 
(2) Althou 


650 
845 
834 ~ 
not optimum, 
these values will also yield 
accepta 


700 
814 
803 
results with D100 and SAMA 
1000: nominal sense 


750 
784 ~ 
(3) Double 
RUNvalue for PT200. 


800 
754 
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circuit shown in Figure 2a provides 
more range while the 


circuit in Figure 2b provides better resolution. Note, it is not 
recommended 
to use this adjusting procedure for zero eleva- 


tion or suppression. 
See the signal suppression and elevation 
section for the proper techniques. 


This is the return for the two excitation 
currents lREFI and 
lREF2 and is the reference 
point for the inputs. 


Vs, lOUT 


These are the connections 
for the current loop Vs being the 
most positive 
connection. 
For correct operation 
these pins 


should have 11.6 to 36V between them. 


Burr-Brown 
Corporation 
has adopted a partial discharge test 
criterion that conforms to the German VDE0884 Optocoupler 
Standards. This method requires the measurement 
of minute 


current pulses « 
5pC) while applying 2400rms, 60Hz high- 


voltage 
stress 
across 
every 
devices 
isolation 
barrier. 
No 
partial 
discharge 
may be initiated 
to pass this test. This 


criterion 
confirms 
transient 
overvoltage 
(1.6 
X VRATED) 
protection 
without damage. 
Life-test 
results verify the ab- 


sence of failure under continuous 
rated voltage and maxi- 
mum temperature. 


This new test method 
represents 
the "state-of-the-art" 
for 
nondestructive 
high voltage reliability testing. It is based on 


dielectric material during barrier degradation. 
In the case of 
void non-uniformities, 
electric field stress begins to ionize 
the void region 
before 
bridging 
the entire 
high 
voltage 
barrier. 


The transient 
conduction 
of charge 
during 
and after 
the 
ionization 
can 
be 
detected 
externally 
as 
a burst 
of 
O.OlllS-O.lllS current pulses that repeat on each AC voltage 
cycle. The minimum AC barrier voltage that initiates partial 
discharge 
is defined as the "inception 
voltage". 
Decreasing 


the barrier voltage to a lower level is required before partial 
discharge ceases and is defined as the "extinction 
voltage". 


We have designed and characterized 
the package to yield an 
inception 
voltage in excess of 2400V rms so that transient 
overvoltages 
below this level will not cause any damage. 


The extinction 
voltage 
is above 
l500V rms so that even 
overvoltage-induced 
partial 
discharge 
will cease once the 
barrier 
voltage 
is reduced 
to the rated 
level. Older 
high 
voltage 
test methods 
relied 
on applying 
a large 
enough 
overvoltage 
(above rating) to catastrophically 
break down 
marginal parts, but not so high as to damage good ones. Our 
new partial discharge 
testing gives us more confidence 
in 
barrier reliability 
than breakdown/no 
breakdown 
criteria. 


The 
IXRlOO 
has 
been 
designed 
primarily 
to correct 
nonlinearities 
inherent in RTD sensors. It may also be used 
in other applications 
where its excellent performance 
makes 


it superior to other devices available. Examples are shown in 
the Applications 
Section. 
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Radio frequency 
interference 
and transients 
are a common 
occurrence 
in 4-20mA 
loops, especially 
when long wiring 
lengths 
are involved. 
RFI usually 
appears 
as a temporary 
change in output and results from rectification 
of the radio 
signal by one or more stages in the amplifier. 
For sensors 
which are closely coupled to the IXRIOO and are contained 
in a common metal housing, the usual entry for RFI is via the 
4-20mA loop wiring. Coaxial bypass capacitors may be used 
with great effectiveness 
to bring these leads into the trans- 
ducer housing while suppressing 
the RFI. Values of 100 to 
lOOOpF are generally 
recommended. 
For sensors 
remote 
from the IXR I00, coaxial 
capacitors 
can also be used to 
filter the excitation 
and signal leads. Additional 
low-pass 
filtering at the IXR I00 input helps suppress RFI. The easiest 
way to do this is with the optional 
differential 
RC filter 
shown 
in Figure 
4. Typical 
values 
for R1 
and R2 
are 
lOO-IOO0Q, and for C1 are lOO-lOO0pF. 


Transient suppression 
for negative voltages can be provided 
by the reverse-polarity 
protection 
diodes 
discussed 
later. 


However, 
positive 
transients 
cannot 
be handled 
by these 
diodes and do frequently 
occur in field-mounted 
loops. A 
shunt zener diode is of some help, but most zener diodes 
suffer from limited current-handling 
capacity and slow tum- 
on. Both of these characteristics 
can lead to device failure 
before 
the zener conducts. 
One type of zener, called 
the 
TRANZORB 
and available 
from General 
Semiconductor 
Industries, 
is especially 
effective in protecting 
against high- 


energy 
transients 
such 
as those 
induced 
by lightning 
or 
motor contactors. 
Choose 
a TRANZORB 
with a voltage 
rating close to, but exceeding, 
the maximum 
Vs which the 
IXR100 will see. In combination, 
the coaxial bypass capaci- 


tors and TRANZORB 
provide a very high level of protec- 
tion against transients 
and RFI. 


INPUT BANDWIDTH 
LIMITING 


Filtering at the input to the IXRlOO is recommended 
where 


possible and can be done as shown in Figure 4. C1 connected 
to pins 3 and 4 will reduce 
the bandwidth 
with a C3dB 
frequency 
given by: 


C3dB = O.159/(R1 + R2 + RTD + Rz) (C, + 3pF) 


This method has the disadvantage 
of having C3dB vary with 
R1, R2, RTD, and Rz may require large values ofR1, 
and R2. 


R1 and R2 should be matched to prevent zero errors due to 
input bias current. 


In some applications 
it is desired to have suppressed 
zero 
range (span elevation) or elevated zero range (span suppres- 
sion). This is easily accomplished 
with the IXR100 by using 


the 
current 
sources 
to create 
the 
suppression/elevation 
voltage. 
The basic concept 
is shown in Figure 
5. In this 
example the sensor voltage is derived from RT (a thermistor, 
RTD or other variable resistance element) excited by one of 
the OAmA current sources. The other current source is used 
to create the elevated zero range voltage. Figures 6a, 6b, 6c 
and 6d show some of the possible circuit variations. 
These 
circuits have the desirable feature of noninteractive 
span and~ 


suppression/elevation 
adjustments. 
~ 


NOTE: Use of the optional offset null (pins 10, 11, and 12) 
for elevation or suppression 
is not recommended. 
This trim 
technique 
is used only to trim the IXRl00's 
output offset 
current. 


MAJOR 
POINTS 
TO CONSIDER 
WHEN 
USING THE IXR100 


I. The leads to Rs and RUN should 
be kept as short as 


possible to reduce noise pick-up and parasitic resistance. 
If the linearity correction 
feature is not desired, the RUN 


pins are left open. 


2. +Vs should be bypassed with a O.OI~ 
capacitor as close 
to the unit as possible 
(pins 18 to 28). 


3. Always 
keep the input voltages 
within 
their range of 


linear 
operation, 
+2V 
to +4V 
(±V IN measured 
with 
respect to pin 5). 


<" 
~ 
10 
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l°.4mA 
lo.4mA 
VI. 
+ 


+ 


V. 
R. 


e' 
RT) 
2 - 
O.SmA 


VN= (e',-V.) 
V. = 0.4mA X R. 
e', • 0.4mA X F\ 


(a) Elevated Zero Range 


lo.smA 
~~-----~~~ 


VN = (e',-VJ 
v. '"C.SmA X R.• 


4. The maximum 
input signal level (~VIN) is IV with Rs 
open and is less as Rs decreases 
in value, 


5, Always 
return 
the current 
references 
to COM 
(pin 5) 
through an appropriate 
value of ReM to keep VeM within 
its operating 
range. 
Also, 
operate 
the current 
sources 
within their rated compliance 
voltage: 


VIN +:S: VlREF:S:(Com + 7V) 


6, Always choose RL, (including line resistance) 
so that the 
voltage between pins 18 and 28 (+Vs) remains within the 
Il.6V 
to 36V range as the output changes between 4mA 
and 20mA. 


7. It is recommended 
that a reverse polarity protection diode 
be used. This will prevent damage to the IXRIOO caused 
by a transient or long-term 
reverse bias between pins 18 
and 28, This diode can be connected 
in either of the two 
positions shown in Figure 7, but each connection 
has its 
trade-off. 
The 
series-connected 
diode 
will add to the 
minimum 
voltage at which the IXRlOO will operate but 
offers loop and device protection 
against 
both reverse 
connections 
and transients. 
The reverse-biased 
diode in 


parallel 
with 
the 
IXRIOO preserves 
11.6V 
minimum 
operation 
and offers device protection, 
but could allow 
excessive 
current flow in the receiving 
instrument 
if the 
field leads are accidently 
reversed. 
This is particularly 


10.4 mA 
lo.4mA 


VIH= (e'2 +v .•) 
v. = 0.4mA X R. 
e', = 0.4mA X F\ 


(b) Suppressed 
Zero Range 


lo.smA 


:/ .~~: 
, 


\ v• 


••••. 
.-. 
- 
O.SmA 


VN = (e', +VJ 
v.•::::: 
O.8mA X R.• 


important if the receiving equipment 
has particularly 
low 
resistance or uses higher voltage supplies. In general, the 
series 
diode is recommended 
unless 
12V operation 
is 


necessary. 
In either case a IN4148 diode is suitable. 


8. Use a layout which minimizes 
parasitic 
inductance 
and 
capacitance, 
especially 
in high gain. 


RECOMMENDED 
HANDLING 
PROCEDURES 
FOR INTEGRATED 
CIRCUITS 


All 
semiconductor 
devices 
are 
vulnerable, 
in 
varying 
degrees, 
to damage 
from 
the 
discharge 
of electrostatic 
energy. Such damage can cause performance 
degradation 
or 
failure, either immediate or latent. As a general practice, we 
recommend 
the following handling procedures 
to reduce the 
risk of electrostatic 
damage. 


I. Remove 
static-generating 
materials, 
such 
as untreated 
plastic, from all areas where microcircuits 
are handled. 


2. Ground all operators, 
equipment, 
and work stations. 


3. Transport 
and ship microcircuits, 
or products incorporat- 


ing microcircuits, 
in static-free, 
shielded containers. 


4. Connect 
together 
all leads of each device 
by means 
of a 
conductive 
material, 
when the device is not connected 
into a circuit. 
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5. Control relative humidity 
to as high a value as practical 


(50% recommended). 


The 
IXRlOO 
has been 
designed 
with 
RID 
applications 
specifically 
in mind. The following 
information 
provides 
additional 
information 
for those applications. 


TWO- AND THREE-WIRE 
CONNECTIONS 


The IXRIOO performs 
well with two-wire 
and three-wire 
RTD connections commonly encountered 
in industrial moni- 
toring and control. 


In two-wire applications, 
the voltage drop between the RTD 
and the IXRlOO can be nulled by proper adjustment 
of Rz, 
but care must be taken that this voltage drop does not vary 
with ambient 
conditions. 
Such variation 
will appear as an 
apparent variation in the RID 
resistance 
and therefore as a 
change in measured temperature. 
Also, the linearity correc- 
tion will interpret this change as a variation and attempt to 
linearize 
both 
the actual 
RTD 
signal 
and the resistance 
changes 
in the signal 
lines. 
For 
these 
reasons, 
the line 
resistance 
between 
the RID 
and the IXRlOO should 
be 
minimized by keeping line lengths short and/or using large- 
gauge wires. This limitation 
does not apply for three-wire 
connections. 


In three-wire 
applications, 
shown in Figure 7, the RTD and 


Rz lead arrangements 
set up a pseudo-Kelvin 
connection 
to 
the RTD. This occurs because the currents through the three 
wires are set up in opposing directions 
and cancel IR drops 
in the RTD leads. The current sources are both modulated 
! 
O.4mA! o.4mA!;'N 


,--- 


Rz: 


, 
2__! 
RTD: 


'3 


'--- ---------------- 


In some applications of the IXRlOO, the RTD will be located 
remotely. 
In these cases, it is possible 
for open circuits to 


develop. The IXRlOO responds in the following 
manner to 
breaks in each lead. The following 
connections 
refer to the~ 
RID 
connections 
shown in Figure 7. 
~ 


TERMINAL 
OPEN 


equally, so that use of the linearity correction does not affect 
the cancellation. 
This action is true so long as the three wires 
are of the same length and gauge. Because most RTD leads 
are twisted and bundled, this requirement 
is usually met with 
no difficulty. 
Care must be taken that intermediate 
connec- 
tions such as screw terminals do not violate this assumption 
by introducing 
unequal line resistances. 


RTD ZERO ELEVATION 
AND SUPPRESSION 


The IXRlOO may be operated 
in zero-elevated 
and zero- 
suppressed 
ranges by simply offsetting 
Rz. It may also be 


used in increase-decrease 
applications 
by interchanging 
the 
physical locations of the RTD and Rz as shown in Figure 8. 
Use the same values of Rz, RUN and Rs. Again, because the 
current sources are matched and are modulated equally, this 
connection has no effect on IXR I00 performance, 
especially 
in three-wire 
applications. 
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O.4mA 1 
O.4mA 1 :'N 


RTD :-- 
~----, 
:3 


In instances where the linearization capability of the IXR I00 
is not required, it can still provide improved performance 
in 
several 
applications. 
Its 
small 
size, 
wide 
compliance 
voltage, low zero and span drift, high PSRR, high CMRR 
and excellent linearity makes the IXR 100 ideal for a variety 
of other isolated two-wire transmitter 
applications. 
It can be 
used by OEMs producing 
different 
types of isolated trans- 
ducer transmitter 
modules and by data acquisition 
systems 
manufacturers 
who gather transducer 
data. Current 
mode 
transmission 
greatly reduces 
noise interference. 
The two- 
wire nature of the device allows economical 
signal condi- 
tioning at the transducer. 
Thus, the IXRl00 
is, in general, 
very 
suitable 
for a wide 
variety 
of applications. 
Some 
examples, 
including 
an isolated non-linearized 
PtIOO case, 


follow. 


Ptl00 
RTD without linearization 
shown in Figure 9. 


Given 
a process 
with 
temperature 
limits 
of +25°C 
and 
+150°C, 
configure 
the IXRIOO to measure the temperature 
with a Ptl00 
RID 
which produces 
109.730 
at 25°C and 
157.310 
at 150°C (obtained 
from standard 
RTD tables). 
Transmit 
4mA 
for +25°C 
and 20mA 
for +150°C. 
The 
change 
in resistance 
of the RTD is 47.60. 
When excited 
with a OAmA 
current 
source 
t.VIN is OAmA 
x 47.60 
= 
19mV. 


R= 
40 
0 


s 
0.0 16/(t.VIN) - 0.016 


From Equation 
(I), Rs = 48.50. 
Span adjustment 
(calibra- 
tion) is accomplished 
by trimming 
Rs. 


In order to make the lower range limit of 25°C correspond 
to the output lower range limit at 4mA, the input circuitry 
shown in Figure 9 is used. VIN must be OV at 25°C and Rz 
is chosen 
to be equal to the RTD resistance 
at 25°C, 
or 
109.730. 
Computing 
ReM and checking 
CMV: 


At +25°C, VIN+ = 43.9mV 


At +150°C, VIN+ = 62.9mV 


Since both VIN+and Vz are small relative to the desired 2V 
common-mode 
voltage, they may be ignored in computing 
ReM as long as the CMV is met. 


ReM = 3V/0.8mA = 3.75kQ 


VIN+ min = 3V + 0.0439V 


VIN+ max = 3V + 0.0629V 


VIN_= 3V + 0.0439V 


Thermocouple 
shown in Figure 
10. 


Given a process 
with temperature 
(T,) limits of O°C and 
+ l000°C, 
configure the IXRl00 
to measure the temperature 
with a Type J thermocouple 
that produces 
a 58mV change 
for IOOO°Cchange. Use a semiconductor 
diode for a cold 
junction 
compensation 
to make the measurement 
relative to 
O°C. This is accomplished 
by supplying 
a compensating 
voltage, 
equal to that normally 
produced 
by the thermo- 
couple with its "cold junction" 
(Tz) aI ambient. 
At +25°C 


this is 1.28m V (from thermocouple 
tables with reference 
junction 
at O°C). Typically, 
at Tz = +25°C, VD = 0.6V and 
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fNrJliT = -2mVf'C. 
Rs and ~ 
form a voltage divider for 
the diode voltage Vo' The divider values are selected so that 
the gradient 
IiVrJ liT equals 
the gradient 
of the thermo- 
couple 
at the 
reference 
temperature. 
At +25°C 
this 
is 


approximately 
-52IlV/"C 
(obtained 
from standard thermo- 
couple table); therefore, 


liVTC/IiT = (liVo/liT)(~/(Rs 
+ ~» 
(2) 


-52IlV/oC = (-2000IlV/oC)(~/(Rs+~» 


Rs is chosen as 3.74kQ to be much larger than the resistance 
of the diode. Solving for ~ 
yields IOOQ. 


Transmit 
4mA for T1 = O°C and 20mA for T1 = +IOOO°C. 


Note: V1N= VIN+ - VIN_indicates 
that T1 is relative to T2. 


The 
input 
full 
scale 
span 
is 58mV. 
Rs is found 
from 
Equation 
(I) and equals 
153.9Q. 


~ 
is chosen to make the output 4mA at TTC = O°C (VTC = 
1.28mV) and To = 25°C (Vo = 0.6V). 


VTC will be -1.28mV 
when TTC = O°C and the reference 
junction 
is at +25°C. V4 must be computed for To = +25°C 
to make VIN = OV. 


VD(25"C)= 600m V 


VIN(2S0C)= 600mV (100/3740) 
= 16.0mV 


VIN= VIN+ - VIN_= VTC + V4 - VIN_ 


With VIN = 0 and VTC = -1.28mV, 


V4 = VIN+ - VTC 


V4 = 16.0mV - 
(-1.28mV) 


O.4mA (R4) = 17.28mV 


R4 = 43.2Q 


In process control applications 
it is desirable to detect when 
a thermocouple 
has burned out. This is typically 
done by 


forcing 
the two-wire 
transmitter 
current 
to the upper 
or 
lower limit when the thermocouple 
impedance 
goes very 


high. The circuits of Figures 
10, II and 12 inherently 
have 
down scale indication. 
When the impedance 
of the thermo- 
couple gets very large (open) the bias current flowing into 
the + input (large impedance) 
will cause 10to go to its lower 
range limit value (about 3.6mA). 
If up scale indication 
is 


desired, the circuit of Figure 13 should be used. When the TC 
opens, the output will go to its upper range limit value (about_ 
32mA or higher). 


CJ)I-0 
;:) 
/ 


0, 
C 
OAmA 
O.4mA 
0 


1 
1 
a: 
D. 


v,. 
Rs 
IXR100 
Z 


+ 
Vour 
0 
\ 
ti 
..J 


"7" 
0 
~ 


Rz 
RTD 


ReM 
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!0.4mA 
!O.4mA 


Type J 


7 


51'1 
son 
Rs 
IXR100 
, 


Zero 
Adjust 


10.4mA 
I 
~ 
0.4mA+ 


son 


RTD 
, 
loon 
Zero 
Adjust 


FIGURE 
14. Isolated 4-20mA Instrument 
Loop. 
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Request Document 
Number 10736 


Isolated, 
Unregulated 
DC/DC CONVERTERS 


• 
ISOLATED 
±7 TO ±18VDC 
OUTPUT FROM 
SINGLE 7 TO 18VDC SUPPLY 


• 
±1SmA OUTPUT AT RATED VOLTAGE 
ACCURACY 


• 
HIGH ISOLATION 
VOLTAGE 
PWS72SA, 
1S00Vrms 
PWS726A, 
3S00Vrms 


• 
LOW LEAKAGE 
CAPACITANCE: 
9pF 


• 
LOW LEAKAGE 
CURRENT: 
2JlA max, 


at 240VAC 
SO/60Hz 


• 
HIGH RELIABILITY 
DESIGN 


• 
AVAILABLE 
WITH OUTPUT 
SYNCHRONIZATION 
SIGNAL 
FOR USE 
WITH IS0120 
AND IS0121 


The PWS725A 
and PWS726A 
convert a single 7 to 
18VDC input to bipolar voltages of the same value as 
the 
input 
voltage. 
The 
converters 
are 
capable 
of 
providing 
±15mA at rated voltage accuracy and up to 
±40mA without damage. (See Output Current Rating.) 


The 
PWS725A 
and PWS726A 
converters 
provide 
reliable, engineered 
solutions where isolated power is 
required 
in critical 
applications. 
The high isolation 


voltage rating is achieved through use of a specially- 
designed 
transformer 
and physical 
spacing. An addi- 
tional high dielectric-strength,low 
leakage transformer 
coating increases the isolation rating of the PWS726A. 


Reliability 
and performance 
are 
designed 
in. The 


bifilar wound, wirebonded transformer simultaneously 
provides lower output ripple than competing 
designs, 


and a higher 
performance/cost 
ratio. The soft-start 


oscillator/driver 
design 
assures 
full operation 
of the 


• 
PROTECTED 
AGAINST 
OUTPUT 
FAULTS 


• 
COMPACT 


• 
LOW COST 
• 
EASY TO APPLY-FEW 
EXTERNAL 
PARTS 


• 
MEDICAL 
EQUIPMENT 


• 
INDUSTRIAL 
PROCESS 
EQUIPMENT 


• 
TEST EQUIPMENT 


• 
DATA ACQUISITION 


oscillator 
before 
either 
MOSFET 
driver 
turns 
on, 


protects the switches, and eliminates 
high inrush cur- 
rents during 
turn-on. 
Input current 
sensing 
protects 


both the converter and the load from possible thermal 
damage during a fault condition. 


Special 
design 
features 
make 
these 
converters 


especially 
easy to apply. 
The compact 
size allows 


dense circuit layout while maintaining 
critical isola- 
tion requirements. 
The Input Sync connection 
allows 


frequency synchronization 
of multiple converters. The 
Output Sync is available 
to synchronize 
ISO 120 and 


ISO 121 isolation amplifiers. 
The Enable input allows 


control 
over 
output 
power 
in 
instances 
where 
shutdown 
is desired 
to conserve 
power, 
such as in 


battery-powered 
equipment, 
or where sequencing 
of 


power tum-onltum-off 
is desired. 
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For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


ELECTRICAL 


T" "" +25°C, Cl 
"" 11lF ceramic, VIN:: 
15VDC, operating frequency 
"" 800kHz, Vour:: 
±15VDC, 
GIN"" 
11lF ceramic, 
IOUT::= ±15mA, unless otherwise 
specified. 


PWS725A 
PSW726A 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Rated Voltage 
15 
VDC 
Input Vonage Range 
7 
18 
VDC 
Input Current 
10=±15mA 
77 
mA 


Input Current Ripple 
No External Filtering 
150 
mAp-p 
L-C Input Filter, L,N= 100)lH, C'N = 1)lFllJ 
5 
mAp-p 


COnly, 
C'N = 1)lF 
60 
mAp-p 


ISOLATION 
Test Voltages 
Input to Output, 10 seconds 
4000 
8000 
VDC 
Input to Output, 60 seconds, min 
1500 
3500 
Vrms 
Rated Voltage 
Input to Output, Continuous, 
AC 60Hz 
1500 
3500 
Vrms 
Input to Output, Continuous 
DC 
2121 
4950 
VDC 
Isolation Impedance 
Input to Output 
10'2119 
0Il pF 
Leakage Current 
Input to Output, 240Vrms, 60Hz 
1.2 
2.0 
)lA 


OUTPUT 
Rated Output Voltage 
14.25 
15 
15.75 
. 
VDC 
Output Current 
Balanced Loads 
15 
40 
mA 
Single-Ended 
80 
~..: 
mA 
Load RegUlation 
Balanced Loads, ±1 OmA < lOUT< ±40mA 
0.4 
%lmA 
Ripple Voltage (400kHz) 
No External Capacitor 
60 
mVp-p 
La = 10llH, Co = 1)lF (Figure 1) 
10 
mVp-p 
Lo = O)lH, Co Filter Only 
See Perlormance 
Curves 
Output SWitching Noise 
La' 
10)lH, Co = 1)lF 
1 
mVp-p 
Output Capacitive 
Load 
Lo .100)lH, 
C Filter 
10 
)IF 
C Filter Only 
1 
)IF 


Voltage Balance, V+, V- 
0.04 
~. 
% 


Sensitivity to .6.V1N 
1.15 
VN 
Output Voltage Temp. Coefficient 
10 
mvrc 
Output Sync Signal 
Square Wave, 50% Duty Cycle 
30 
Vp-p 


TEMPERATURE 
Specification 
-25 
+85 
'c 
Operating 
-25 
+85 
'C 
Storage 
r 
-25 
+125 
'C 


Input Ground 
14 


Input Sync 
15 


V'N 
16 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER<') 


PWS725A 
32-Pin Ceramic DIP 
210 
PWS726A 
32-Pin Ceramic DIP 
210 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURA-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BUR A-BROWN does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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Distributed Multi-Channel Isolated 
DC-TO-DC CONVERTER 


• 
ISOLATED 
±7 TO ±20VDC 
OUTPUTS 


• 
BARRIER 
100% TESTED AT 15OOVAC, 60Hz 


• 
LOWEST 
POSSIBLE 
COST PER CHANNEL 


• 
MINIMUM 
PC BOARD 
SPACE 


.80% 
EFFICIENCY 
(8 CHANNELS, 
RATED 
LOADS) 


• 
FLEXIBLE 
USE WITH PWS745 
COMPONENTS 


• 
INDUSTRIAL 
MEASUREMENT 
AND 
CONTROL 


• 
DATA ACQUISITION 
SYSTEMS 


• 
TEST EQUIPMENT 


The PWS740-l 
is a high-frequency 
(400kHz nominal) 
oscillator/driver, 
handling 
up to eight channels. 
This 
part is a hybrid containing an oscillator and two power 
FETs. It is supplied 
in a TO-3 case to provide 
the 
power dissipation 
necessary 
at fun load. Transformer 


impedance 
limits the maximum 
input current to about 
700mA 
at l5V input, well within the unit's 
thermal 
limits. A TTL-compatible 
ENABLE pin provides out- 
put shut-down 
if desired. 
A SYNC pin allows 
syn- 
chronization 
of several PWS740-ls. 


The 
PWS740-2 
is a trifilar-wound 
isolation 
trans- 
former using a ferrite core and is encapsulated 
in a 


plastic 
package, 
allowing 
a higher 
isolation 
voltage 
rating. The PWS740-3 
is a high-speed 
rectifier bridge 
in a plastic 8-pin mini-DIP package. 
One PWS740-2 
and one PWS740-3 
are used per isolated channel. 


The PWS740 
is a multichannel, 
isolated 
DC-to-DC 
converter 
with a l500VAC 
continuous 
isolation 
rat- 
ing. The outputs track the input voltage to the con- 
verter over the range of 7 to 20VDC. The converter's 
modular design, comprising 
three components, 
mini- 


mizes the cost of isolated multichannel 
power for the 
user. 


To 


} 


Uplo 
VOAIVE 
6 More 


Channels 


To 


·Optional 
features; 
if unused, leave open . 


•• User Option 


International 
Airport Industrial Park 
Mailing Add •••• : PO Box 11400 
Tucson, AZ 85734 
• 
51"",t Address: 6730 5. Tucson Blvd. 
• 
Tucson, AZ 85706 
Tel: (520) 746-1111 
• 
Twx: 910-952·1111 
• 
cable: BBRCORP 
• 
Telex: _91 
• 
FAX: (520) 889-1510 
• 
Immediate Product Into: (BOO) ~132 
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PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


PWS740 SYSTEM 


ISOLATION 
Rated Vo~age 
Continuous, 
AC, SO/60Hz 
1500 
VACrms 


Continuous, 
DC 
2121 
VDC 
Test Voltage 
10s, minimum 
4000 
VACrms 
Impedance 
Measured from Pin 2 to Pin 5 of the PWS740-2 
1012113 
nil pF 
Leakage Current 
~ 
240VACrms, 
60Hz Per Channel 
0.5 
1.5 
/iA 


INPUT 
RatedVo~ge 
15 
VDC 


Vo~age Range 
7 
20 
VDC 


Current 
±30mA Output Load on 8 Channels, V,N = 15V 
520 
mA 
Rated Output Load on 8 Channels, V,N = 15V 
300 
mA 
Current Ripple 
Full Output Load on 8 Channels, V,N - 15V with n Fi~er on Input 
1 
mA 


OUTPUT 
Rated Vo~age 
±15mA Output Load on 8 Channels 
14 
15 
16 
VDC 


Vo~age at Min Load 
±1mAiChannel 
30 
VDC 


Vo~age Range 
±15mA Output Load on Each Channel 
±7 
±20 
VDC 


VotJTvs 
Temp 
±15mA Output Load on Each Channel 
±0.05 
V?C 


Load Regulation 
±3mA < Output Load < ±30mA 
0.25 
V/mA 
Tracking RegUlation 
VOlJTN1N 
1.2 
VN 


Ripple Voltage 
See Typical Perlormance 
Curves 
Noise Voltage 
See Theory of Operation 
Current I +Iourl 
+ I-Iourl 
Each Channel 
60 
mA 


TEMPERATURE 
Specification 
-25 
+85 
·C 


Operation 
-25 
+85 
·C 


PWS740-10SCILLATORIDRIVER 


Frequency 
V,N = 15V 
3SO 
400 
470 
kHz 


Supply 
7 
15 
20 
V 
Enable 
Drivers On 
2 
Vs 
V 
Drivers Off 
.. 
0 
0.8 
V 


PWS740-2 ISOLATION 
TRANSFORMER 


Isolation Test Voltage 
lOs, minimum 
4000 
VACrms 
60s, minimum 
1500 
VACrms 


Rated Isolation Vottage 
Continuous 
1500 
VACrms 
Isolation Impedance 
1012113 
nil pF 
Isolation Leakage 
240VAC 
0.5 
1.5 
/iA 
Primary Inductance 
400kHz, Pin 1 to Pin 5 
300 
llH 
Winding Ratio 
Primary/secondary 
68/76 


PWS740-3 DIODE BRIDGE 


Reverse Recovery 
IF-IR- 
SOmA 
40 
ns 


Reverse Breakdown 
IR = lOO/iA 
55 
V 
Reverse Current 
VR = 40V 
1.5 
/iA 
Forward Voltage 
IF = 100mA 
1.6 
V 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility 
tor the use of this information, and aUuse of such Information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
11511511 


T0-3 


Plastic 
DIP 
Plastic 
Mini-DIP 


AC 
(J)- 
® 
To 
V- 
8 
NC 


® 
® 
NC 
7 
NC 
Goo 
Vo 
PWS740-3 


® 
® 
AC 
3 
6 
AC 
AC 
To 


V+ 
4 
5 
NC 


To 
PWS740-2 


(Drawings Not to Scale) 


A 
ELECTROSTATIC 
JJ!/;;;.. DISCHARGE SENSITIVITY 
PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERt') 


PWS740-1 Driver 
TO-3 
030 
PWS740-2 Transformer 
6-Pin Plastic DIP 
216 
PWS740-3 Rectifier 
8-Pin Plastic 01P 
006 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


BURR-BROWNe 
IE3E31 
Burr-Brown Ie Data Book-Linear 
Products 


BURR - BROWN® 
IElElI 


ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call Fax Line 1·800-548-6133 


Request Document 
Number 11095 


Multi-Channel Isolated 
DC/DC CONVERTER COMPONENTS 


• 
COMPACT 
SIZE 


• 
LOW COST PER CHANNEL 


• 
DRIVES 
UP TO 8 CHANNELS 


• 
750/1500VAC 
ISOLATION 


• 
FLEXIBLE 
USE WITH PWS740/PWS750 
COMPONENTS 


• 
0.4 IN. MAXIMUM 
MOUNTING 
HEIGHT 


The PWS745 
is a set of components 
useful 
in the 
construction 
of 
single 
or 
multi-channel 
isolated 
DCIDC converters. 
By themselves, 
or in combination 
with the PWS740 
and PWS750 
families 
of compo- 
nents, they allow compact, optimal, and low-cost 
so- 


lutions to many power supply problems. 


The PWS745-l 
DIP oscillator/driver 
can be used to 
drive up to eight channels 
of independently 
isolated 
power. 
The switching 
MOSFETs 
are built into the 
driver to allow simple low-cost assembly of the multi- 
channel converter. 
The PWS745-l 
also is capable of 
operating 
at 5VDC and can be easily synchronized 
with TTL level signals. 
While offering 
the user an 
alternative 
to the TO-3 package 
of the PWS740, 
the 


• 
INDUSTRIAL 
CONTROL 


• 
GROUND-LOOP 
ELIMINATION 


• 
PC-BASED 
DATA 
ACQUISITION 


• 
POINT-OF-USE 
POWER 
CONVERSION 


• 
5V TO ±15V FROM DIGITAL 
SUPPLIES 


PWS745-l 
also allows the user to select varying levels 
of power, isolation voltage, mounting technology 
and 
system configuration 
by choosing 
among the several 
component 
families. For example, the PWS745-l 
can 
directly 
drive 
the PWS740, 
PWS745, 
or PWS750 
transformers. 
It also can drive the FETs of a PWS750 
distributed 
power system. The operating frequency 
is 
compatible 
with the ISOl20 
family of isolation ampli- 
fiers and is capable 
of multi-channel 
synchronized 
operation 
to eliminate 
troublesome 
beat frequencies. 


The PWS745-2 is a 15V to ±15V output version, while 
the PWS745-4 
is the 5V t'J ±15V output version. The 
PWS740-3 
high-speed 
bridge provides 
a convenient 
rectifier for the selected transformer 
output. 


T 


To 
AC 
COM1 


COM2 
Vo 
GND 


f 
To 
AC 


BURR 
- BROWN_ 


IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


At V,N• 
15VDC, Output Load. 
±15mA (PWS745-2) 
and TA• 
25°C unless otherwise 
noted. 
Or V,N = 5VDC, Output Load = ±12mA (PWS745-4) and TA• 
25°C unless otherwise noted. 


PARAMETER 
CONomONS 
UNITS 


PWS745-10SCILLATORIDRIVER 


Frequency: 
IntemalOSC 
TTL'N 
- OV 
550 
600 
650 
kHz 
ExtemalOSC 
500 
600 
1000 
kHz 


Supply: 
15V Operation 
10 
15 
18 
V 
5V Operation 
4.5 
5 
5.5 
V 


Current 
No Load 
10 
mA 
Max Load 
650 
mA 
Current Ripple 
CBVPASS 
= 1 J.lF 
2.5 
mAp-p 
TIL1N: 
I'H 
10 
nA 


I'L 
-1 
IlA 


V,H 
V 


V" 
0.8 
V 


Frequency 
2 
MHz 


TTl.our: 
IOL 
15 
mA 


Frequency 
600 
kHz 


T, T Drive Current 
50 
mA 
T, T Drive Voltage: 
High 
7 
V 
Low 
0.7 
V 


PWS745-2 


Voltage, Rated Continuous AC 60Hz 
750 
Vrms 
100% Tes~1) 
60Hz,1s 
1200 
Vrms 
Barrier 
Impedance 
1012118 
illlpF 
Leakage 
Current 
at 60Hz 
V,SO= 240Vrrns, 60Hz 
150 
JJArms 


PWS745-4 


Voltage, Rated Continuous AC 60Hz 
750 
Vrms 


100% Tes~ll 
60Hz,1s 
1200 
Vrrns 


Barrier 
Impedance 
1012118 
illl 
pF 
Leakage 
Current at 60Hz 
V,so = 240Vrms, 60Hz 
150 
IlArms 


TEMPERATURE 
RANGE 


Specification 
°C 
Operation 
°C 
Storage 
°C 


NOTES: 
(1) Tested 
at 1.6 rated, fail on 5pc partial discharge 
leakage 
current 
on five successive 
pulses. 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses 
to any of the circuits described 
herein are implied or granted 
to any third party. BURR· BROWN does not authorize 
or warrant 


any BURR-BROWN 
product 
for use in life support devices 
and/or 
systems. 


BURR-BROWNe 
I~~I 
Burr-Brown Ie Data Book-Linear 
Products 


Junction Temperature.. 
. 
150°C 
Storage 
Temperature 
. 
. 
85°C 
Lead Temperature 
(soldering, 
10s) 
300"C 
Transformer 
Output Short to Common 
Continuous 
Max Load, Sum of All Transformer 
Outputs 
500mA 


Stresses 
above these ratings may permanently 
damage 
the device. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


PWS745·1 
16·Pin Plastic DIP 
129 
PWS745·2 
a-Pin Plastic 
250 
PWS745·4 
a-Pin Plastic 
250 


A 
ELECTROSTATIC 


~ 
DISCHARGE SENSITIVITY 


NC 


AC 


GND 


4 
AC 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 


tion to complete device failure. Precision integrated circuits 
may be more susceptible 
to damage 
because 
very small 


parametric 
changes 
could cause the device not to meet its 
published 
specifications. 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
IE3IE3II 


BURR - BROWN® 
IElElI 
ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call Fax Line 1-800-548-6133 


Request Document 
Number 10838 


Isolated, 
Unregulated 
DC/DC CONVERTER 
COMPONENTS 


.100% 
TESTED 
FOR HIGH-VOLTAGE 
BREAKDOWN 


• 
COMPACT-SURFACE 
MOUNT 


• 
MULTICHANNEL 
OPERATION 


• 
5V OR 15V INPUT OPTIONS 


• 
FLEXIBLE 
USE WITH PWS740/PWS745 
COMPONENTS 


The PWS750 
consists 
of three building 
blocks 
for 
building a low cost DCIDC converter. 
With them you 
can optimize 
DCIDC converter 
PC board layout or 
build a multichannel 
isolated 
DCIDC converter. 
All 
parts are surface mount, requiring 
minimal 
space to 
build the converter. The modular design minimizes the 
cost of isolated power. 


The PWS750-1U 
is a high-frequency 
(800kHz nomi- 
nal) driver that can drive N-channel 
MOSFETs 
up to 
the 
size 
of 
a 
1.3A 
2N701O. 
The 
recommended 
MOSFET 
for individual 
transformer 
drivers 
is the 
2N7oo8. 
The PWS750-1U 
is supplied 
in a l6-pin 
double-wide 
SO package. 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
EQUIPMENT 


• 
GROUND-LOOP 
ELIMINATION 


• 
PC-BASED 
DATA ACQUISITION 


• 
VENDING 
MACHINES 


The PWS750-2U 
and PWS750-4U 
are split-bobbin 
wound 
isolation 
transformers 
using 
a ferrite 
core. 
They are encapsulated 
in plastic packages, 
allowing a 
high isolation 
voltage rating. 


The PWS750-3U 
is a high-speed 
monolithic 
diode 
bridge in a plastic 8-pin SO package. 


One PWS750-l U can be used to drive up to four 
channels 
(15V nominal operation). 
One PWS750-2U 
and PWS750-3U 
and two 2N7oo2 (surface mount) or 
2N7008 
(TO-92) 
MOSFETs 
made by Siliconix 
are 
used per isolated 
channel. 
When 
a PWS750-4U 
is 
used as the transformer 
(5V input), then two TN0604s 
made by Supertex 
must be used, due to the higher 
currents of the primary (lower RDS on) and the lower 
VGS threshold. 
With 5V operation 
only one channel 
can be directly driven by the PWS750-l U (a simple 
FET 
booster 
circuit 
can be used 
for multichannel 
operation; 
see Figure 3). 


--------------------------------------1 


I 
I 
I 


r 


r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
S 
I 


2N7002 (2) -=- 
Oulpul 
: 
10 
Ground 
I 
Enable 
or 
I 


I TIL'N 
2N7008 
10d') : 


~ 
Typrcal ConnectIon for 
Duplicate for multichannel 
I 


Internal 
OSCillator 
Operation 
:_ ~~~~o~ 
~~~P_~S..?~O.:.2~.:... 
VE 
~VE__ : 


16 
100(31 


T 


2N7002(2) 


or 
2N700B 
o 


IO.3~F 
_ 
0 
G 


NOTES: (1) User option. (2) Use TN0604 for 5V 10±15V operalion. (3) Multichannel 
Operation. 


InlemallonaIAlrportlndustrlaIParl<·MalllngAddress:POBoxI1400·Tucson.AI.85734·StreeIAddress:673OS.TucsonBlvd..Tucson.AI. 
85706 
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• 
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• 
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For Immediate Assistance, Contact YourLocal Salesperson 


SPECIFICATIONS 


ELECTRICAL 


At TA = 25°C; +V1N = +15V; and 
lOUT 
= ±15mA balanced loads unless otherwise noted. 


PARAMETER 
CONDITIONS 
UNITS 


PWS75D-1U OSCILLATOR 


Frequency: 
Internal OSC 
TIL'N=OV 
725 
800 
875 
kHz 
ExtemalOSC 
1 
2.5 
MHz 
Supply: 
15V Operation 
10 
15 
18 
V 
5V Operation 
4.5 
5 
5.5 
V 


T, f Drive Current 
50 
mAp!< 


T, f Drive Voltage, High 
3 
7 
V 


Low 
0.7 
V 


TIL1N.11H 
10 
nA 
ill 
-1 
IIA 


V'H 
V 
VIL 
0.8 
V 
TIl.oUT,loc 
15 
mA 


PWS75D-2U +V'N TO ±VOUTISOLATION 
TRANSFORMER 


ISOLATION 
Voltage Rated Continuous 
AC 60Hz 
750 
Vrms 
100% Test (1) 
60Hz, 1s, <5pC PO 
1200 
Vnns 
Barrier Impedance 
1012118 
illl pF 
Leakage Current at 60Hz 
V,so = 240Vrms 
1 
1.5 
IlArms 
Winding Ratio 
Primary/Secondary 
48/48 


PWS75D-3U DIODE BRIDGE 


Reverse Recovery 
IF = IR = 50mA 
40 
ns 
Reverse Breakdown 
IR = 10011A 
55 
V 
Reverse Current 
VR = 40V 
1.5 
IIA 
Forward Voltage 
IF: 
100mA 
1.6 
V 


PWS75G-4U +5V'N to ±15VoUTISOLATION 
TRANSFORMER 


ISOLATION 
Voltage Rated Continuous AC 60Hz 
750 
Vrms 
100% Test 
(1) 
60Hz, 1s, <5pC PO 
1200 
Vrms 
Barrier Impedance 
1012118 
illl pF 
Leakage Current at 60Hz 
V1SO = 240Vrms 
1 
1.5 
IlArms 
Winding Ratio 
Primary/Secondary 
24170 


TEMPERATURE 
RANGE 


Specification 
·C 
Operating 
Derated performance 
OC 


Storage 
·C 


NOTES: (1) Tested at 1.6 x rated, fail on 5pC partial discharge leakage current on five successive pulses at 60HZ. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 


no responsibility for the use of this information. and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BUR A-BROWN does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 


BURR - BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
• EEl EEl' 


PWS75~U 


:0: 
:~ 


+V 
4 
5 


6-Pin SO 
Surface 
Mount 


PWS75lf-2U 
PWS7w-4U::0 


1 


:~: 


Goo 
3 
6 
Vo 


AC 
4 
5 To 


6-Pin DIP 
Surface 
Mount 


Supply Voltage 
. 
16V 


Junction Temperature.. 
. 
150°C 


Storage Temperature 
-40°C 
to +85°C 


Lead temperature 
(soldering, SOIC, 3s) 
+260°C 


Max Load, Sum of Both Outputs (PWS750-2U, 
4U) 
60mA 


PWS75D-XU 


Basic Model 
Number 
------------~- 
T 
Components 


1 U : High-Frequency 
Driver 
2U, 4U : Isolation Transformer 
3U : High-Speed 
Monolithic Diode Bridge 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


PWS750-1U 
16-Pin SOIC 
256 


PWS750-2U 
a-Pin Plastic 
226 


PWS750-3U 
6-Pin SO 
162 


PWS750-4U 
8-Pin Plastic 
226 


NOTE: (1) For detailed drawing and dimension 
tabie, please see end of data 


sheet, 
or Appendix 
C of Burr-Brown Ie Data 
Book. 


BURR-BROWN4P 
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BURR - BROWN® 
IElElI 


The lOOMS is an epoxy encapsulated 
electromagnetic! 
electrostatic 
interference 
(EM!) 
shield for use with 
circuits 
where 
sensitivity 
to EMI is critical. 
It was 
designed to attenuate EMI by converting 
electromag- 
netic field energy 
into heat that is absorbed 
by the 
shield and by shunting electrostatic 
fields to common. 


The 
lOOMS may be used 
in applications 
to either 
confine or exclude EM!. Its cavity was designed 
for 
28.45mm 
X 28.45mm 
X 7.24mm, 20-pin hybrid pack- 
ages. The shields in the cover and base plate are in two 
separate 
halves 
to maintain 
the electrical 
isolation 
between 
the adjacent 
rows of pins of the module 
it 
encloses. 
Because 
of the spacing between 
the shield 
halves and epoxy flow holes, the lOOMS provides 
a 
partial, but adequate 
low reluctance 
path for electro- 
magnetic flux. The lOOMS is well suited for use with 
isolation modules such as the Burr-Brown 
3656, 722, 


and 724. 


Assemble the base plate to the module by pushing the 
pins of the module through the beveled holes in the 
base plate 
until 
the base 
plate 
and bottom 
of the 
module are in contact with each other. Place the cover 


over the module so the tabs are aligned and fit into the 
slots in the base plate. 
Bend 
the four wide 
shield 
soldering 
tabs protruding 
from 
the cover 
to make 
contact with the bare metal on the base plate. Solder 
these four tabs to insure the integrity of their connec- 
tion to the base plate. 


The lOOMS and the module it contains 
are mounted 
and secured to a printed circuit board (PCB) by solder- 
ing the two narrow PCB solder tabs to the appropriate 
common. The PCB solder tab closest to the input side 
of the module 
should be soldered 
to the input com- 
mon. The other tab should be soldered to the output 
common. 
Figure 
2 illustrates 
the assembly 
of the 
lOOMS. 


BURR 
- BROW-He 


IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


lOOMS 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


Isolation Voltage 
Rated Continuous, 
DC 
3500 
VDC 


Rated Continuous, 
AC 
2000 
Vrms 


Test 
10 Seconds 
8000 
VDC 


Capacijance 
5 
pF 
Resistance 
1010 
Q 


Leakage Current 
120V, 60Hz 
0.23 
IlA 


MODEL 


lOOMS 


PACKAGE 
DRAWING 
NUMBER!') 


124 


PACKAGE 


EMI Shield 


MULTIPLE 
DEVICE ORIENTATION 


A typical application 
for the lOOMS is shown in Figure 3. 


Using 
multiple 
devices 
within 
30mm 
of each other can 
cause them to interact by forming beat frequency 
interfer- 
ence outputs. The lOOMS can reduce this interference 
by as 
much as a factor of 200: I depending 
on the distance 
be- 
tween the devices and their relative orientation. 


Minimum 
EMI results when the gaps of both shields are 
paralleled 
as in Figure 3a. • 


-- 
Gap in Shield--' 


II• 


-- 
Gap in Shield--' 


" 


FIGURE 
3a. Optimum 
PCB Layout. Orientation 
for mini- 
mum EM!. 


FIGURE 3b. Isolated Data Acquisition Input Circuitry. Orien- 
tation for Minimum EM!. 


The Information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR~BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely 
at the user's own risk. Prices and specifications 
are sUbject to change 
without 
notice. 
No patent rights or licenses 
to any of the circuits 
described 
herein are implied or granted 
to any third party. BURR·BROWN 
does not authorize 
or warrant 
any BURR·BROWN 
product 
for use in life support 
devices 
and/or 
systems. 
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BURR - BROWN® 
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• 
DUAL ISOLATED 
±5V TO ±16V OUTPUTS 


• 
HIGH BREAKDOWN 
VOLTAGE: 
BOOOV 
Test 


• 
LOW LEAKAGE 
CURRENT: 


<11lA at 240Vl60Hz 


• 
LOW COST PER ISOLATED 
CHANNEL 


• 
SMALL 
SIZE: 27.9mm 
x 27.9mm 
x 7.6mm 
(1.1" x 1.1" x 0.3") 


The 722 converts a single 5VDC to l6VDC input into 
a pair of bipolar output voltages of the same value as 
the input voltage. The converter is capable of provid- 
ing a total output current 
of 64mA at rated voltage 
accuracy 
and up to 200mA without damage. 


The two output channels 
are isolated from the input 
and from each other. They may be connected indepen- 
dently. in series for higher output voltage or in parallel 
for higher output current, as a single channel isolated 
DCIDC converter. 


• 
MEDICAL 
EQUIPMENT 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
TEST EQUIPMENT 


• 
DATA ACQUISITION 
SYSTEMS 


• 
NUCLEAR 
INSTRUMENTATION 


Integrated circuit construction 
of the 722 reduces size 
and cost. High isolation 
breakdown 
voltages and low 


leakage 
currents 
are assured 
by special 
design 
and 
construction 
which includes 
use of a high dielectric 
strength, 
low leakage 
coating 
used on the internal 
assembly. 


A self-contained 
900kHz 
oscillator 
drives switching 
circuitry, which is designed to eliminate 
the common 


problem 
of input current 
spiking due to transformer 
saturation 
or crossover 
switching. 


Rectifiers 


and 
Filters 


Rectifiers 
and 
Filters 


BURR-BROWN4D 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


TA •• 
25'C, V,N • 15VDC, C = 0.47~F, R, selected per Typical Performance 
Curve. 


722 
722BG 
722MG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Rated Input Vo~age 
15 
VDC 


Input Vo~age Rangel') 
16 
VDC 


Input Current 
Total Output Current = 12mA 
50 
mA 
Total Output Current:: 
64mA 
105 
120 
mA 


Total Output Current = 64mA 


at TA:: 
+85°C 
120 
mA 
Total Output Current. 
160mA 
225 
275 
mA 
Input Ripple(2) 
Total Output Current. 
12mA 
3 
mA, pk 


Total Output Current", 
64mA 
6 
mA, pk 


Total Output Current = 160mA 
12 
mA, pk 


ISOLATION 
Test Voltages 
Input-to-Output, 
5 seconds, min 
8000 
Vpk 


Input-ta-Output, 
1 minute, min 
2500 
Vrms 


Channel-to-Channel, 
5 seconds, min 
5000 
VpI< 


Rated Vo~ages 
Input-ta-Output, 
continuous 
3500 
V 


ChanneI4o-Channel, 
continuous 
2000 
V 
Isolation Impedance 
input-to-Output 
10116 
GQ II pF 
Leakage Curren~3) 
Input-ta-Output, 
240V, 60Hz 
~ 


OUTPUT 
Rated Output Voltages(4) 
ILOAD 
- 3mA per Output 
15.4 
16.2 
VDC 


ILOAD= 16mA per Output 
14.3 
16.2 
VDC 
ILOAD= 40mA per Output 
13.7 
14.2 
16.2 
VDC 


Output Current 
Total of All Outputs 
200 
mA 
Any One OUtpU~5) 
3 
100 
mA 
Load Regulation 
IS) 


Ripple Vo~age 
ILOAD= 3mA per Output 
15 
mVpk 


ILOAD= 16mA Per Output 
35 
100 
mVpI< 


ILOAD= 40mA per Output 
50 
mVpI< 


Tracking Error between 
Balanced Loads 
±1oo 
mVDC 
Dual Outputs 


Sensitivity to Input 
Vo~age Changes 
1.13 
VN 


Output Voltage Temperature 
TA 
'" T SPECIFICATION 
RANGE 
±0.02 
o/oI"C 


Coefficient 


TEMPERATURE 
Specification 
ILOADS16mA per Output 
-25 
+85 
'C 


'LOADS 40mA per Output 
-25 
.60 
'C 


Storage 
-55 
.125 
'C 


Junction Temperature 
.125 
'C 


·Specifications 
same as 722. 


NOTES: (1) For ambient temperature 
above +70°C the input voltage is 12.5V (max). The input voltage remains 16V (max) if case temperature 
is kept below +85°C. 


(2) Extemal capacitor across "P." to "V-" pins and 12" 01#24 wire to V,N. (3) Reference UL544, paragraph 27.5, Leakage Current. (4) See "Typical Performance 
Curves." 


(5) A minimum output current of 3mA at each output is recommended 
to maintain output voltage accuracy. 


PACKAGE 
DRAWING 
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PACKAGE 
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722 
20-Pin 
102 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE(1) 


722 
20-Pin 
-25'C 
to .85'C 


722BG 
20-Pin 
-25'C 
to +85'C 


722MG 
20-Pin 
-25'C 
to .85'C 


The information provided herein is believed to be reliable; however, BURR· BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specillcatlons 
are subject to change 


wrthaut notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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MAXIMUM OUTPUT CURRENT 
FROM ANY SINGLE OUTPUT 
16mAto 


<16mA 
30mA 
30mA 


>13 
1.3k!l 
820n 
510n 


llto 


Input 
13 
820n 
510n 
200n 
9to 
Voltage 
11 
510n 
200n 
on 
(V) 


8to 
9 
200n 
on 
- 


<8 
on 
- 
9.0V 
V+EXT 
6.5V 
7.5V 


125 
125 
V 
~ 
~ 100 
100 ~ 
e~ 
e 
E 
75 
75 
~ 
•. 
I- 


Ambient 
E 
E 
•. 
.!l! 
I- 
.c 
50 
50 
~ 
E« 
<.:l 


E 
E 
~ 
25 
25 
~ 
.~ 
.~ 


::;: 
::;: 


0 
0 
50 
100 
150 
200 


Total Output Current!') 
(mA) 


OUTPUT VOLTAGE vs INPUT VOLTAGE 
SINGLE-CHANNEL 
LOAD REGULATION 
18 
16 
~ 


~ 
1 
13 
~ 
15 
•. 
'" 


Cl 
,\l! 
Cl 


0 
,\l! 
> 
0 


'5 
>." 
B- 


8 
'" 
14 
" 
0 
0 


...Ji 
0 


3 
4 
12 
16 
20 
40 
60 
80 
100 


Input Voltage (V) 
Output Load Currentllel 
(mA) 


SINGLE OUTPUT LOAD REGULATION 
CHANNEL-TO-CHANNEL 
INTERACTION 
16 
'~l 


~ 
16 


~ 
Vo 
V 
...J I 
z 
1,=3mA 
~ 


II 
'" 
g 
+ 
+ 
~ 
~ 
15 
I, 
Vo 
Vo 
I, 
0 
15 
> 


'" 
'- - 
- 
'5 
Cl 
J!! 
B- 


0 
<5 
> 
1,= SOmA 
." 
~ 
'" 
14 
14 
.3 
c: 
~ 
11 
<.:l 
" 
J 


0 


13 
13 


20 
40 
60 
80 
100 
0 
20 
40 
60 
80 
100 


Oulput Load Current IleI (mA) 
OUlput Load Current 1Ie1(mA) 
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TYPICAL PERFORMANCE CURVES (CONT) 
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INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


Typical 
application 
connections 
for the 722 are shown in 
Figures 
I and 3. Primary power (VIN) is applied at the "P+" 


and "V-" terminals. The common or ground for VIN may be 
connected 
to either "P+" or "V-"; 
the only requirement 
is 


that "P+" and "V+" must be positive with respects to "V-", 


Power for the internal oscillator 
and switch drivers is de- 
rived from the primary power by a voltage dropping resistor, 
R1• The value of R1 as a function 
of VIN is shown in the 
Typical 
Performance 
Curves 
section. 
Alternately, 
voltage 


for the "V+" 
terminal 
may be obtained 
from a separate 


source. "V+" should be +5V to +7.5V positive with respect 
to "V-." If a separate source is used, the "V +" input must be 
applied before the "P+" input to avoid possible 
damage to 
the unit. "P+" and "V+" must remain positive with respect 
to "V-" 
at all times 
(including 
transients). 
If necessary, 


diode clamps should be put across these inputs. 


The "E" pin enables the converter 
when connected 
to "V +" 
and disables it when connected 
to "V-." 


An external 
capacitor, 
"c" 
(0.471!F 
ceramic), 
is used to 


reduce input ripple. It should be connected 
as close to the 


"P+" and "V-" pins as practical. Input leads to these termi- 
nals should also be kept as short as possible. Since the 722 
is not internally 
shielded, external shielding may be appro- 


priate 
in applications 
where 
RFI at the 900kHz 
nominal 


oscillator 
frequency 
is a problem. 


Each output is filtered 
with an internal 
O.221!F capacitor. 


Output ripple voltage can be reduced 
below the specified 


value by adding 
external 
capacitors 
up to WI!F between 
each output and its common. 
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SHORT CIRCUIT 
PROTECTION 


The circuit in Figure 2 may be added to the input of the 722 
to protect 
it from damage 
in situations 
where 
too much 
current 
is demanded 
from the outputs-such 
as a short 
circuit from an output to its common. The circuit limits input 
current 
to approximately 
150mA for an input voltage 
of 
l5VDC 
(for B of 2N22l9 
of 50). 


At rated 
output 
voltage 
accuracy, 
the 722 is capable 
of 
providing 
64mA divided among its four outputs(l). A mini- 
mum average 
output 
current 
of 3mA is recommended 
at 
each output to maintain voltage accuracy. 


Output channels(2) may be connected in series or parallel for 
higher output voltage or current. 


ISOLATION 
CONFIGURATIONS 


The fact that the two outputs of the 722 are isolated from the 
input and from each other allows both two-port 
and three- 


port isolation connections. 


Figure I shows Burr-Brown's 
3650 optically coupled isola- 
tion amplifier connected in three-port configuration. 
One of 
the 722 channels 
provides 
power to the 3650's 
input. The 
other channel 
supplies 
power 
to the 3650's 
output. 
The 
amplifier's 
input and output are isolated from each other and 


the system's 
power supply common. 
In this configuration, 
the 722' s channel-to-channel 
isolation specification 
applies 
to the amplifier 
input -to-output 
voltage. 


+V01 
P+ 


C, 


-VOl 
V+ 


+VQ2 
E 


Cz 


-V02 
V- 


722 
/ 


Power 
Supply 
Common 


Figure 3 illustrates 
how the 722 may provide isolated input 
power to the input stage of two 3650's connected in the two- 
port configuration. 
Power for the output stage is provided by 
the system +15V and -15V 
supplies. 
Input stages are iso- 
lated from each other and from the system supply. In this 
situation, 
the 722's 
input-to-output 
isolation 
specification 
applies to the amplifier's 
input-to-output 
voltages, while the 
channel-to-channel 
722 specification 
applies to the voltage 
existing between "lIP Com #1" and "lIP Com #2." 


NOTES: (1) "Oulput" denotes a single output terminal (+V or -V) 
and its 
associated 
common. 
(2) ·Channel" 
denotes 
a pair of outputs (+V and -V) 
and 
their associated 
common. 


P+ 
+V01 


C, 


V+ -V01 


E 
+VQ2 


Cz 


V- 
-VQ2 


722 
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• 
QUAD ISOLATED 
±8V OUTPUTS 


• 
HIGH BREAKDOWN 
VOLTAGE: 


3000V Test 


• 
LOW LEAKAGE 
CURRENT: 
<l~A at 


240V/60Hz 


• 
LOW COST PER ISOLATED 
CHANNEL 


• 
SMALL SIZE: 27.9mm X 27.9mm 
X 6.6mm 


(1.1" X 1.1" X 0.26") 


The 724 converts a single 5VDC to l6VDC input into 
four pairs of bipolar output voltages of approximately 
half the output voltage. 
The converter 
is capable 
of 
providing 
a total output 
current 
of l28mA 
at rated 
voltage accuracy and up to 500mA without damage. 


The four output channels 
are isolated from the input 


and from each other. They may be connected indepen- 
dently, 
in series 
for higher 
output 
voltage, 
or in 
parallel for higher output current as a single channel 
isolated DCIDC converter. 


• 
MEDICAL 
EQUIPMENT 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
TEST EQUIPMENT 


• 
DATA ACQUISITION 
SYSTEMS 


• 
NUCLEAR 
INSTRUMENTATION 


Integrated circuit construction 
of the 724 reduces size 
and cost. High isolation breakdown 
voltages and low 


leakage 
currents 
are assured 
by special 
design 
and 
construction 
which includes 
use of a high dielectric 


strength, and low leakage coating used on the internal 
assembly. 


A self-contained 
800kHz oscillator 
drives switching 
circuitry, which is designed to eliminate 
the common 
problem 
of input current 
spiking due to transformer 
saturation 
or crossover 
switching. 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Input Voltage 
5 
15 
16 
VDC 


Input Current 
llour= 
24mA 
50 
mA 
llOUT 
= 128mA, 25°C 
110 
125 
mA 
llOUT 
: 128mA, 25°C 
120 
mA 


Input RippIe1'.5) 
llour 
= 24mA, C = 0.47~F 
10 
mA,pk 


llOUT 
= 128mA, C = 0.47~F 
25 
mA, pk 


ISOLATION 
Test Voltage I') 
Input-to-Output, 
5s min 
3000 
VDC 
Channel~to~Channet, 55 min 
3000 
VDC 
Rated Voltage I') 
Input-to-Output, 
Continuous 
1000 
VDC 


Channel·to-Channel, 
Continuous 
1000 
VDC 


Isolation 
Impedance 
Input-to-Output 
10116 
GQllpF 
Leakage 
Current 
Input-to-Output, 
240Vl60Hz 
1.0 
~ 


OUTPUT 
Voltage I') 
At 15V Input i, = 3mA 
8.0 
8.5 
9.0 
V 
1,= 16mA 
7.5 
7.9 
8.3 
V 


Current 
for Rated 
Voltage 
Total of All Outputs 
128 
mA 
Any One Output1') 
3 


Total Safe 
Nondestructive 
Current 
Total of All Outputs 
500 
mA 
Any One Output 
200 
mA 
Load Regulation(3) 
(') 


Ripple Voltage IS) 
1,=3mA 
35 
mV,pk 
1,= 16mA 
200 
mV,pk 
Difference 
of +Vo and -Vo 
+IL",,-IL 
±30 
mV 
Sensitivity to Input Voltage Change 
0.63 
VN 
Output 
Voltage 
Change 
Over Temperature 
-25°C to +85°C 
2 
% 


TEMPERATURE 
RANGE 
Operating 
-25 
+85 
°C 
Storage 
-55 
+125 
OC 


NOTES: 
(1) 0.47J.LF external 
capacitor 
across ·P+· to "V-- pins and 12" of #24 wire to V1N0 (2) See -Isolation 
Voltage 
Ratings· 
on page 5. The input to output and channel 
to channel 
continuous 
AC rating is 700Vrms. 
(3) See "Typical Performance 
Curves: 
(4) A minimum 
output current of 3mA at each output is recommended 
to maintain 
output voltage 
accuracy. 
(5) Test bandwidth 
10MHz, 
max. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER<') 


724 
20-Pin 
102 


The information 
provided 
herein is believ9d 
to be reliable; however, 
BURR-BROWN 
assumos 
no respon~ibilityfor 
inaccuracies 
or omissions. 
BURR·BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are sUbject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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10 
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~ 
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2 


}; lOUT= 24mA 
". 


I,: 
±3mA 
/. ,,;:::>' 


~ 
:::r 
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~ 
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±'16~A 


10 


Input Voltage (V) 


DROPPING 
RESISTOR R, 


vs INPUT VOLTAGE 
2.0 


~ 
1.5 
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'0; 
1.0 
., 
a: 
g> 
'0. 
C- 
0.5 
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CI 


0 
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20 


Input Voltage, V,N (V) 


LOAD REGULATION 


(Interchannel 
with Unbalanced 
Load) 


9 


~ 
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~ 
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5 
> 
> 
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~ 
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,} 
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+ 
., 
., 
'" 
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'" 
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0 
Test Condition 
1 
<5 


(Dual Output, Balanced Load) 
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0 
10 
20 
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Output Current, 1,+ • Ie (mA) 
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I 


)F=3mA 
; 


I 
IF= 16mA 


Test Condition 2 
(Dual Output, Unbalanced 
Load) 


20 
30 


Output Current, 1,+ (mA) 
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INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


Typical 
application 
connections 
for the 724 are shown in 
Figures 
I and 2. Primary power (VIN) is applied at the "P+" 


and "V-" terminals. The common or ground for VIN may be 
connected 
to either "P+" or "V-", 
the only requirement 
is 
that "P+" and "V+" must be positive with respect to "V_". 


Power for the internal oscillator 
and switch drivers is de- 
rived from the primary power by a voltage dropping resistor, 
R1• The value of R1 as a function 
of VIN is shown in the 


"Typical Performance 
Curves" section. Alternately, 
voltage 
for the "V+" 
terminal 
may be obtained 
from a separate 
source. "V+" should be +5VDC to +7.5VDC 
positive with 
respect to "V-". If a separate 
source is used, the V+ input 
must be applied 
before 
the "P+" 
input to avoid possible 
damage to the unit. P+ and V+ must remain positive with 
respect to "V-" 
at all times (including transients). 
If neces- 
sary, diode clamps should be put across these inputs. 


The "E" pin enables the converter when connected 
to "V+" 
and disables it when connected 
to "V_". 


An external 
capacitor, 
"C" 
(0.471JF ceramic), 
is used to 
reduce input ripple. It should be connected 
as close to the 
"P+" and "V-" 
pins as practical. Input leads to these termi- 
nals should also be kept as short as possible. 
Since the 724 
is not internally shielded, external shielding may be appro- 
priate 
in applications 
where 
RFI at the 800kHz 
nominal 


oscillator 
frequency 
is a problem. 


+V01 
P+ 


C, 


-V01 
v+ 


+v02 
E 


c2 


v- 


-V02 


724 


+voo 


c, 


-voo 


+vo< 


c, 


-vo< 


Each output is filtered with an internal 0.0471JF capacitor. 
Output ripple voltage can be reduced 
below the specified 
value by adding 
external 
capacitors 
up to IOIJF between 
each output and its common. 


OUTPUT 
CURRENT 
RATINGS 


At rated 
output 
voltage 
accuracy, 
the 724 is capable 
of 
providing 
128mA 
divided 
among 
its eight 
outputs(l). 
A 
minimum average output current of 3mA is recommended 
at 
each output to maintain voltage accuracy. 


Outputs 
channels(2) may be connected 
in series or parallel 
for higher output voltage or current. 


ISOLATION 
CONFIGURATIONS 


The fact that the four outputs of the 724 are isolated from the 
input and from each other allows both two-port 
and three- 


port isolation connections. 


Figure I shows two 3650 optically coupled isolation ampli- 
fiers connected 
in three-port 
configuration. 
Two of the 724 
channels 
provide 
power 
to the 3650' s inputs. 
The other 
channels 
supply 
power 
to both 
3650's 
outputs. 
Each 
amplifier's 
input and output are isolated from each other and 
the system's 
power supply common. Isolation specification 
applies 
to the amplifier 
input-to-output 
voltage 
isolation 
specification. 


~(j)® 


Denote 
separate 
input 


common 
1 and input common 
2. 


-J:- [jJ [g] 


- 
Denote 
separate 
output 


common 
1 and output common 
2. 
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Figure 2 illustrates 
how the 724 may provide isolated input 
power to the input stage of four 3650s connected in the two- 
port 
configuration. 
Power 
for the four 
output 
stages 
is 
provided 
by the system 
+15VDC 
and -·15VDC 
supplies. 
Input 
stages 
are isolated 
from 
each 
other 
and from 
the 


system supply. In this situation, the 724' s isolation 
specifi- 
cation applies to amplifier's 
input-to-output 
voltage and to 
the voltage existing between any two lIP COM terminals. 


Since a "continuous" 
test is impractical 
in a product manu- 
facturing 
situation (implies infinite test duration), 
it is gen- 
erally accepted 
practice 
to perform 
a production 
test at a 
higher voltage (i.e., higher than the continuous 
rating) for 


some shorter length of time. 


The important consideration 
is then "what is the relationship 
between 
actual test conditions 
and the continuous 
derated 
maximum 
specification?" 
There are seve,ral rules of thumb 
used throughout 
the industry 
to establish 
this relationship. 


Burr-Brown 
has chosen a very conservative 
one: VTEST= 
(2 
X VCONTINUOUS 
RATING)+ lOOOV. Tlus relationship 
is 
appropriate 
for conditions 
where the system transient 
volt- 
ages are not well defined. (3) Where the real voltages are well 
defined or where the isolation voltage is not continuous 
the 


user 
may choose 
to use a less conservative 
derating 
to 
establish 
a specification 
from the test voltage. 


+15VDC 


=~C~,P 


724 


V- 


0} 
(5> 
<5 
+ 
I 


SHORT CIRCUIT 
PROTECTION 


The circuit in Figure 3 may be added to the input of the 724 
to protect 
it from damage 
in situations 
where 
too much 


current 
is demanded 
from the outputs-such 
as a short 
circuit from an output to its common. The circuit limits input 
current 
to approximately 
ISOmA for an input voltage 
of 
l5VDC 
(for f3 of 2N22l9 
of 50). 


NOTES: 
(1) "Output" 
denotes 
a single output 
terminal 
(+V or -V) 
and its 


associated common. (2) "Channel" denotes a pair of outputs (+V and -V) and 
their associated common. (3) Reference National Electrical Manufacturers 
Association 
(NEMA) 
Standards 
Parts 
ICS 
1·109 
and 
ICS 
1·111. 
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3650 
3652 


Optically-Coupled Linear 
ISOLATION AMPLIFIERS 


• 
BALANCED 
INPUT 


• 
LARGE COMMON-MODE 
VOLTAGES: 


±2000V Continuous 
140dB Rejection 


• 
ULTRA LOW LEAKAGE: 
0.35J..LAmax at 240V/60Hz 
1.8pF Leakage Capacitance 


• 
EXCELLENT 
GAIN ACCURACY: 
0.05% Linearity 
0.05%/1000 
Hrs Stability 


• 
WIDE BANDWIDTH: 
15kHz±3dB 
1.2V/J..LSSlew Rate 


The 3650 and 3652 are optically 
coupled 
integrated 
circuit isolation amplifiers. 
Prior to their introduction 
commercially 
available 
isolation amplifiers 
had been 
modular 
or rack mounted 
devices 
using transformer 
coupled 
modulation 
demodulation 
techniques. 
Compared 
to these 
earlier 
isolation 
amplifiers, 
the 
3650 and 3652 have the advantage 
of smaller 
size, 


• 
INDUSTRIAL 
PROCESS 
CONTROL 


• 
DATA ACQUISITION 


• 
INTERFACE 
ELEMENT 


• 
BIOMEDICAL 
MEASUREMENTS 


• 
PATIENT 
MONITORING 


• 
TEST EQUIPMENT 


• 
CURRENT 
SHUNT MEASUREMENT 


• 
GROUND-LOOP 
ELIMINATION 


• 
SCR CONTROLS 


lower 
cost, 
wider 
bandwidth 
and integrated 
circuit 
reliability. 
Also, because they use a DC analog modu- 


lation 
technique 
as opposed 
to a carrier-type 
tech- 


nique, 
they 
avoid 
the 
problems 
of 
electro- 


magnetic interference 
(both transmitted 
and received) 


that most of the modular isolation amplifiers 
exhibit. 


--z-..-~ 


Ughl 
23 


A3 
Flux 
A4 
Coupling 
--z-..- 


BURR-BROWN. 
lell::U 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


MODEL 


ISOLATION 


Isolation Voltage 


Rated 
Continuous, 
min 


Tested 
Voltage, 
min, 105 Duration 


Isolation Mode 
Rejection, 
G ;; 10 
DC 
60Hz, 5000n Source Unbalance 


Leakage Current, 240V/60Hz 
Isolation 
Impedance 


Capacitance 
Resistance 


Gain Equation 


for Current 
Sources 


for Voltage 
Sources 


Input Resistance, 
R1N• 
max 


Buffer Oulput Impedance, 
Ro 


Gain 
Equation 
Error I max(3) 


Gain Nonlinearity 
Gain vs Temperature 
Gainvs Time 


Frequency 
Response 
Slew Rate 
±3dB Frequency 


Settling 
Time 


to ±O.Ol% 
to±O.1% 


INPUT STAGE(S) 


Input Offset Voltage 


at 25°C, max(3) 


vs Temperature, 
max 
vs Supply 
vs Time 


Input Bias Current 
a125°C 
vs Temperature 
vs Supply 


Input Offset Current 
vs Temperature 
vs Supply 


Input Impedance 


Differential 
Common-Mode 


Input Noise 
Vollage, 0.05Hz 10 100Hz 
10Hz 1010kHz 


Input Voltage Range 
Common-Mode, 
Linear Operation, 


wlo damage, 
at +, - 
at+l,-I 
at +IR, -IR 


Differential, wlo damage, 
at +, - 
Differential, wlo damage, 
at +1, -I 


Differential, wlo damage, 


at +IR, -IR 


Common-Mode 
Rejection, 60Hz 


Power Supply (Input Stage Only) 


Voltage (al"+V' 
and "-V") 


Current 
Quiescent 
with ±1 OV Output(7) 


140dB 
120dB 


0.351tA, max 


G, = 10OV/Amp 
G, • 1.0057 x 10·VlAmp(2) 


Gv1 = 
10' 
VN 
10' 
VN 


~l+R~+R~ 
~,+~+R~+~ 


25Q 
25Q 
Not Applicable 
90Q ±30Q 


1.5% 
I 
0.5% 
I 
0.5% 
1.5%(4) 
I 
0.5%(4) 


±O.05% typ ±O.2% max 
±O.03% typ ±O.1 % max 
±O.02% typ ±O.05% max ±O.05% typ ±O.2% max 
±O.05% typ ±O.1 % max 
300ppmt'C 
100ppml"C 
50ppml"C 
300ppmJOC 
200ppm/oC 


±0.05%/1000hrs 
±0.05%/1000hrs 


±1mV 
±10~VJOC 
100~VN 
50~ Vl1 OOOhrs 


1OnA typ, 40nA max 


0.3nAf'C 
0.2nNV 


1OpA typ, 50pA max 


Doubles Every + 10°C 
1pNV 


10pA 
Doubles Every + 10°C 
1pNV 


±(lVI-5)V 
±V 


Not Applicablel.) 
Not Applicablel.' 


±V 


Not Applicable 


±(IVI-5) 
±V 
±300V lor 10msl') 
±3000V for 10ms(7) 


±V 
±600V for 10ms(7) 


Not Applicable 


90dB al60Hz. 
5killmbalance 


±6000V for 10ms(7) 


BOdB at 60Hz, 5killmbalance 


±1.2mA(8) 


+6.5mA or -B.5mA, 
typ 
+12mA or-12mA, 
max 


±3mA(8) 


+B.5mA or -B.5mA, 
typ 
+16mA, 
or-16mA, 
max 
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SPECIFICATIONS 
(CO NT) 


MODEL 
3650MG, H(l(') 
I 
3650JG 
I 
3650KG 
3652MG, HG(') 
I 
3652JG 


OUTPUT STAGE 


Output Voltage, min 
±10V 
±10V 


Output Current, min 
±5mA 
±5mA 


Output Offset Vo~age 
at 25°C, max(3) 
±25mV 
I 


±10mV 
I 


±10mV 
±25mV 
I 


±10mV 
vs Temperature, 
max 
±9001'VrC 
±4501'VrC 
±3001'VrC 
±900l'VrC 
±450l1VrC 
vs Supply 
±500l'VN 
±500l'VN 


vs Time 
±1 mV/1 OOOhrs 
±1 mVi1 OOOhrs 


Output Noise Vo~age 
0.05Hz to 100Hz 
50l'Vp-p 
50l1Vp-p 


10Hz to 1kHz 
651'Vrms 
651'Vrms 


Power Supply (Output Stage Only) 
Voltage ("+Vcc" and "-Vcc") 
±8Vto±18V 


Current 
Quiescent 
±2.3mA typ, ±6mA max 
with ±5mA Output, max 
±11mA 
I 


TEMPERATURE(") 
I 


Specification 
O°cto +85°C 
Operating 
-40°C 
to +100°C 


Storage 
-55"C 
to +125"C 


NOTES: (1) All electrical and mechanical specifications 
of the 3650MG and 3652MG are identical to the 3650HG and 3652HG, respectively, except that the following 


specifications 
apply to the 3650MG and 3652MG: (a) Isolation test voltage duration increased from 10 seconds minimum to 60 seconds minimum; (b) Input offset vottage 


at 25°C, max: ±1OmV; vs temperature 
max: ±1oollvrc; 
(c) Output offset voltage at 25°C. max; ±50mV; vs temperature 
max; ±1.8mVloC. 
(2) If used as 3650, see 


Installation and Operating Instructions. 
(3) Trimmable to zero. (4) Gain error terms specified for inputs applied through buffer amplifiers (Le., ±1 or ±/R pins). (5) Input 


stage specifications 
at +1and -I inputs for 3652 unless otherwise noted. (6) Maximum safe input current at either input is 10mA. (7) Continuous rating is 113pulse rating. 
(8) Load current is drawn from one supply lead at a time: other supply current at quiescent level. For 3652 add O.2mAIV of positive CMV. (9) dT/dt < 1°C/minute below 
O°C, and long-term storage above 100°C is not recommended. 
Also limit the repeated thermal cycles to be within the aoc to +85°C temperature 
range. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


3650 
32-Pin DIP 
77 
3652 
32-Pin DIP 
77 


3650 


•• 
11 
20 


23 


10 
17 
12 
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TYPICAL PERFORMANCE CURVES 


10 
« 
§. 
8 
C 
~ 
6 
u 
-'"'a. 


4 
g- 
oo 


2 


0 
-15 
-10 
-5 
0 
5 
10 
15 


Output Voltage (V) 


Add 2mA typ, 4mA max for 3652 
•••••• 
at V- 
--- 
atV+ 


,~ 
'".~ 
1.3 
§zi 1.2 
£ 


25 
50 


Temperature 
(0C) 


1 


Frequency (kHz) 
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iil 
120 
:E. 


.§1 
II: 


iil 
:E. 
-2 
g 
w 
" 
-4 
'iij 
Cl 


-l) 


-l) 


1 


2 
3 
4 


Isolation Voltage (kV) 


•• ~6:;Q•• 


3652 
3.6~~. 
~~'.;;5~' 
~..... 


G=100 


G:100 


G ~1:::.G z1 
.• ":.: -... 


Input Resistor 
Imbalance 


RG1 
RG2 
--- 
or 
--- 
Ra, + RG2 
Ra, + RG2 


3 
10 


Frequency (kHz) 


N 
it) 


6 
CD 
~0 
it) 
CD 
M-- 
ena: 
w 
u:: 
::::i 
Q. 
:!:«z0 


~..J 
0 
~ 


40 
g;e. 
-80 


;E 
.c 
en 
~ 
-120 


Q. 


-160 


-200 


0.3 
3 


Frequency (kHz) 


140 


120 


iD 
:B. 
" 
.~ 
100 


'" 
II: 


80 


60 


y 
IT 
~ 
60~/ 


/ 
y 


DC 
--_ .. 
-- 
--- 
~--- ... 


60Hz 


I 


--- 
Isolation-mode 
Rejection 


• - - - -. 
C~~,~~n-mode RejectiO~I 


140 


120 


iD 
:B. 
100 
" 
0 
~ 
80 
'" 
II: 


REJECTION vs FREQUENCY 
--IMR 
CMR 
..•... 
Supply Voltage 


,\,·...+v 
\, ". 


1 
3 
10 
30 


Frequency (kHz) 


15 


~ 
10 
" 
0> 
J'! 
"0> 


=> 
.9- 
6 


0 


5 


,,',",',' 


, , 'Guaranteed 


Min at Output 
Supply ±15V 


0.5 


~ 


0.1 
" 
g>~ 
() 
g 
w 
0.05 " 
'a; 
Cl 
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10 
15 


Input Supply Voltage (V) 


120 


iD 
:B. 
" 
0 
100 
U"'" 
II: 


80 


60 


DC at I or IR pins 
--.... 
---r· 
-I- 
II;" - - --I" 


--- 
Isolation-mode 
Rejection 
••• 
- •• 
Common·mode 
Rejection 
- -I. 


14 


:;- 
.!- 


g> 


12 
.~ 
en 
S 
.9- 
6 
"0~ 
10 
~ 
w 


,, 


70·~,' ,, 


70·C 
,, 
,, 
,, 
,, 
,, 
,, 


Gain Error 
,, 


Change 
--. 
,, 
25·S· 
. ..' 
,, 
,, '>........ 
,, 
,, 
,, 
, 
,:,.'.. ,. 


lk 
10k 


TIme ot Operation (Hours) 


The isolation-mode 
voltage 
is the voltage 
which 
appears 
across the isolation barrier, i.e., between the input common 
and the output common. 
(See Figure 1.) 


Two isolation voltages are given in the electrical 
specifica- 
tions: 
"rated 
continuous" 
and "test 
voltage". 
Since 
it is 
impractical 
on a production 
basis to test a "continuous" 
voltage 
(infinite 
test 
time 
is implied), 
it is a generally 
accepted practice to test at a significantly 
higher voltage for 
some reasonable 
length of time. For the 3 650 and 3652, the 


"test voltage" 
is equal to 1OOOVplus two times the "rated 
continuous" 
voltage. Thus, for a continuous rating of 2000V, 


each unit is tested at 5000V. 


COMMON-MODE 
VOLTAGE, 
VCM 
The common-mode 
voltage is the voltage midway between 
the two inputs of the amplifier 
measured 
with respect 
to 
input common. 
It is the algebraic 
average 
of the voltage 
applied at the amplifiers' 
input terminals. 
In the circuit in 
Figure 
1, (V+ + VJ/2 = VCM' 
(NOTE: Many applications 
involve a large system "common-mode 
voltage." Usually in 
such cases the term defined here as "V CM" is negligible and 
the system "common-mode 
voltage" is applied to the ampli- 
fier as "VISO" 
in Figure 1.) 


ISOLATION-MODE 
REJECTION 


The isolation-mode 
rejection is defined by the equation 
in 
Figure 
1. The isolation-mode 
rejection 
is not infinite 
be- 
cause there is some leakage across the isolation barrier due 
to the isolation resistance 
and capacitance. 


, 
. 
. 


: / 
IsolatIon 
Barner 
. 
Ie 


FIGURE 
1. lllustration 
of Isolation-Mode 
and Common- 
Mode Specifications. 


strlUgnume expresseo as a percem 
Ul pt:lUI.-LU-l"'lUI. 
lUll ''''''C 


output (i.e. ±lOrnV at 20Vp-p = 0.05%). 


Prior to the introduction 
of the 3650 family optical isolation 
had not been practical in linear circuits. A single LED and 
photodiode 
combination, 
while useful in a wide range of 
digital isolation applications, 
has fundamental 
limitations- 
primarily 
nonlinearity 
and instability 
as a function 
of time 
and temperature. 


The 3650 and 3652 use a unique technique to overcome 
the 
limitations 
of the 
single 
LED 
and 
photodiode 
isolator. 


Figure 2 is an elementary 
equivalent 
circuit for the 3650, 


which can be used to understand the basic operation without 
considering 
the cluttering 
details of offset adjustment 
and 
biasing for bipolar operation. 


. / 
Isolation 
Barrier 
i 
CR, 
R 


K 


T 


!I 


I 


Two matched photodiodes 
are used--one 
in the input (CR3) 
and 
one 
in the 
output 
stage 
(CR2)-to 
greatly 
reduce 
nonlinearities 
and time-temperature 
instabilities. 
Amplifier 
AI' LED CRI, and photodiode 
CR3 are used in a negative 
feedback configuration 
such that II = IINRG (where Ro is the 
user supplied gain setting resistor). Since CR2 and CR3 are 
closely matched, 
and since they receive equal amounts 
of 
light from the LED CRI (i.e., 1..1 = t..z), 12= II = IIN' Amplifier 
A2 is connected as a current-to-voltage 
converter with VOtrr 
= 12 RK where RK is an internal IMQ scaling resistor. Thus 
the overall transfer function is: 


10" 
VOtrr = VIN --, 
(RG in Qs) 
Ro 


This 
improved 
isolator 
circuit 
overcomes 
the 
primary 
limitations 
of the single LED and photodiode 
combination. 
The transfer 
function 
is now virtually 
independent 
of any 
degradation 
in the LED output as long as the two photo- 
diodes and optics are closely matched(l). Linearity is now a 
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function 
of the accuracy 
of the matching 
and is further 
enhanced by the use of negative feedback in the input stage. 
Advanced 
laser 
trimming 
techniques 
are used to further 


compensate 
for residual matching 
errors. 


A model of the 3650 suitable for simple circuit analysis is 
shown in Figure 3. The output is a current dependent voltage 
source, VD' whose value depends on the input current. Thus, 
the 3650 is a transconductance 
amplifier with a gain of one 
volt per microamp. When voltage sources are used, the input 
current 
is derived 
by using gain setting resistors 
in series 
with the 
voltage 
source 
(see Installation 
and Operating 
Instructions 
for details). RIN is the differential 
input imped- 


ance. The common-mode 
and isolation impedances 
are very 
high and are assumed to be infinite for this model. 


c 


(Outpul) 


FIGURE 3. Simple Model of 3650. 


A simplified 
model of the 3652 is shown in Figure 4. The 


isolation 
and output stages are identical to the 3650. Addi- 
tional input circuitry consisting of FET buffer amplifiers and 
input protection 
resistors 
have been added to give higher 
differential 
and common-mode 
input impedance 
(JOlin), 


lower bias currents (50pA) and overvoltage 
protection. 
The 


+IR and -IR 
inputs 
have a IOms pulse 
rating 
of 6000V 
differential 
and 3000V common-mode 
(see Definitions 
for a 
discussion 
of common-mode 
and isolation-mode 
voltages.) 


The addition of the buffer amplifiers 
also creates a voltage- 
in voltage-out 
transfer function with the gain set by Ro I and 


Ro2· 


INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


POWER 
SUPPLY 
CONNECTIONS 


The power supply connections 
for the 3650 and 3652 are 


shown in Figure 5. When a DC/DC 
converter 
is used for 
isolated 
power, 
it is placed 
in parallel 
with the isolation 
barrier of the amplifier. This can lower the isolation imped- 
ance and degrade the isolation-mode 
rejection of the overall 


circuit. Therefore, 
a high quality, low leakage DC/DC con- 
verter such as the Burr-Brown 
Model 722 should be used. 


OFFSET VOLTAGE 
ADJUSTMENTS 


The offset nulling 
circuits 
are identical 
for the 3650 and 
3652 and are shown in Figure 5. The offset adjust circuitry 
is optional and the units will meet the stated specifications 
with the BAL terminals 
unconnected. 
Provisions 
are avail- 
able to null both the input and output stage offsets. If the 
amplifier 
is operated 
at a fixed gain, 
normally 
only one 
adjustment will be used: the output stage (lOkn 
adjustment) 


for low gains and the input stage (50ill 
adjustment) 
for high 
gains, (>10). 


Use the following procedure if it is desired to null both input 
and output 
components. 
(For example, 
if the gain of the 
amplifier 
is to be switched). 
The input stage offset is first 
nulled (50ill 
adjustment) 
with the appropriate 
input signal 
pins connected 
to input common and the amplifier set at its 


maximum 
gain. The gain is then set to its minimum 
value 
and the output offset is nulled (lOill 
adjustment). 


L;;: 11 


I'N 
=tL 


3 


17 
--..-. 
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+Vo 722 
V+ 
E 
V- 


+15VDC 


-15VDC 


17 
Output 
C 


Output 
Common 


INPUT CONFIGURATIONS 


Some possible 
input configurations 
for the 3650 and 3652 
are shown in Figures 6a, 6b, 6c. Differential 
input sources 
are used in these examples. For situations with nondifferential 
inputs, the appropriate 
source term should be set to zero in 
the gain equations and replaced with a short in the diagrams. 


Figure 6a shows the 3650 connected 
as a transconductance 


amplifier 
with input current 
sources. 
Voltage 
sources 
are 


shown in Figure 6b. In this case the voltages are converted 
to currents by Rol and Ro2' As shown by the equations, they 
perform 
as gain 
setting 
resistors 
in the voltage 
transfer 
function. When a single voltage source is used, it is recom- 
mended 
(but not essential) 
that the gain 
setting 
resistor 
remain 
split into two equal halves 
in order 
to minimize 
errors due to bias currents and common-mode 
rejection (see 
Typical Performance 
Curves). 


Figure 6c illustrates 
the connections 
for the 3652 when the 
FET buffer amplifiers, 
Al and A2, are used. This configura- 
tion provides 
an isolation amplifier with high input imped- 


ance (both common-mode 
and differential, 
and good com- 
mon-mode 
and isolation-mode 
rejection. It is a true isolated 
instrumentation 
amplifier which has many benefits for noise 
rejection when source impedance 
imbalances 
are present. 


In the 3652, the voltage 
gain of the buffer 
amplifiers 
is 
slightly less than unity, but the gain of the output stage has 
been raised to compensate 
for this so that the overall transfer 
function from the ±I or ±lR inputs to the output is correct. It 
should be noted that Al and A2 are buffer amplifiers. 
No 


summing 
can be done at the ±I or ±lR inputs. 
Figure 6c 


shows 
the +1 and -I 
inputs 
used. If more input voltage 
protection 
is desired, then the +IR and -IR inputs should be 
used. This will increase the input noise due to the contribu- 
tion from the 1.6MQ resistors, 
but will provide additional 
differential 
and common-mode 
protection 
(IOms rating of 


3kV). 
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NOTE: 
(1) The offset adjustment 
circutry and power supply connections 


have been omitted for simplicity. 
Refer to Figure 5 for details. (2) IMRR 
here is in pAN. typically 5pAN 
at 60Hz and 1pAN at DC. 


~ 


Vour= 
~Vl- 
V,) + I~~~ 
] 
[ RG1 + R::nR'N+ 
Rc] 


NOTE: 
(1) The offset adjustment 
circutry and power supply connections 


have been omitted for simplicity. Refer to Figure 5 for details. 


A model of the 3650 suitable for DC error analysis of offset 
voltage, voltage drift versus temperature, 
bias current, etc., 


is shown in Figure 7. 


AI and A2, the input and output stage amplifiers, 
are consid- 


ered to be ideal. Separate 
external 
generators 
are used to 
model the offset voltages and bias currents. RIN is assumed 
to be small relative to Rol and Ro2 and is therefore omitted 
from the gain equation. The feedback 
configuration, 
optics 


and component 
matching 
are such that I I = 12 = 13 = 14, A 
simple circuit analysis gives the following expression for the 


total output error voltage 
due to offset voltages 
and bias 


currents. 


1()6 


VOur-TOTAL 
= --- 
lEesI + (IBI RoI - IB2Ro2)]+ Eoso (I) 


Ro, + RG2 


Offset current is defined as the difference 
between the two 
bias currents IBI and IB2. If IBl = IB and IB2= IB +IoSI 


10" Ias 
then. for RoI = Ro2. VOUT- IB = -- 
2 


This component 
of error is not a function 
of gain and is 
therefore 
included 
as a part of Eoso 
specifications. 
The 
output errors due to the output stage bias current are also 
included in Eoso. This results in a very simple equation for 
the total error: 


10" Eas, 
VOUT-TOTAL= --- 
+ Eoso (for RGl = Ro2). 
(2) 
2Ro, 


In summary, 
it should be noted that equation 
(2) should be 
used only when RGI = RG2. When RoI ~ Ro2. equation 
(I) 
applies. 


V 
Optics 


The effects of temperature 
may be analyzed by replacing the 
offset terms with their corresponding 
temperature 
gradient 
terms: 


VOUT....•Ll VOIJT/LlT.Eos1 •...•LlEosI/LlT. etc. 


For a complete 
analysis of the effects of temperature. 
gain 
variations 
must also be considered. 


OUTPUT 
NOISE 


The total output noise is given by: 


EN (RMS) = -Y(ENIG? + (ENO? 


where EN (RMS) = Total output noise 


~I 
= RMS noise of the input stage 
ENO= RMS noise of the output stage 
G = 1()6/(Rol + Rml 


ENOincludes the noise contribution 
due to the optics and the 
noise currents of the output stage. Errors created by the noise 
current of the input stage are insignificant 
compared to other 
noise sources and are therefore 
omitted. 
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COMMON-MODE 
AND 
ISOLATION·MODE 
REJECTION 
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APPLICATIONS 


The expression 
for the output error due to common-mode 
and isolation 
mode voltage is: 


To preserve the excellent inherent isolation characteristics 
of 
these amplifiers, the following recommended 
practice should 


be noted. 


1. Use shielded twisted pair of cable at the input as with 


any instrumentation 
amplifier. 


2. Care should be taken to minimize external capacitance. 


A symmetrical 
layout of external components to achieve 
balanced capacitance 
from the input terminals to output 
common will preserve high IMR. 


3. 
External components 
and conductor 
patterns should be 
at a distance 
equal 
to or greater 
than 
the distance 
between the input and output terminals 
to prevent HV 
breakdown. 


4. 
Though not an absolute requirement, 
the use of lamin- 


ated or conformally 
coated 
printed 
circuit 
boards 
is 
recommended. 


r- 
v. 
(500V) 
l........... 


~ 
0 
() 
VOUT 


~ 
::;; 


/ 
Vs 
Rs 
(100mV) 
"" 


Figure 8 shows a system where isolation amplifiers 
(3650) 
are used to measure the armature 
current and the armature 
voltage of a motor. 


The armature current of the motor is converted to a voltage 
by the calibrated 
shunt Rs and then amplifier 
(adjustable 
gain) and isolated by the 3650. 


The armature 
voltage is sensed by the voltage divider (ad- 
justable) shown and then amplified and isolated by the 3650. 


The 3650 provides 
the advantage 
of accurate current mea- 
surement 
in the presence 
of high common-mode 
voltage. 


Both 3650s provide 
the advantage 
of isolating 
the motor 
ground from the control system ground. Isolated 
power is 
provided by an isolated DClDC converter (BB Model 722 or 
equivalent). 


The 3652 is ideally 
suited for patient 
monitoring 
applica- 
tions as shown in Figure 9. The fact that it is a true balanced 
input instrumentation 
amplifier 
with very high differential 
and common-mode 
impedance 
means 
that it can greatly 
reduce the common-mode 
noise pick up due to imbalance in 


lead impedances 
that often 
appear 
in patient 
monitoring 
situations. The 3kV and 6kV shown in Figure 9 are the lOms~ 
pulse ratings of the +IR and -IR inputs for the common-mode" 
and differential 
input voltages 
with respect 
to input com- 
mon. The rating of the isolation barrier is 2000Vpk continu- 


23 


17 


OIP Com 
} 


To 


Vonage 
Sense 


E 
<3 


+V 
~ 
14 
-V 
12 


} 


To 


Current 
Sense 


V- 
E 


C 
722 V+ 


+15VDC 


-15VDC 
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ous. The nonrecurrent 
pulse rating of the isolation barrier is 
5000Vpk, since each unit is factory tested at 5000Vpk. If the 
isolation barrier is to be subjected to higher voltages a gas 
filled 
surge 
voltage 
protection 
device 
can be used. 
For 
multichannel 
operation, 
two 3652s can be powered by one 


Model 
722 isolated DCIDC converter. 
The total leakage 
current for both channels at 240V 60Hz would still be less 
than 2~. 


The block diagram in Figure 
10 shows the use of isolation 
amplifiers 
in SCR control application. 


722 
+vo 
v+ 


E 
v- 
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The information 
provided 
herein is believed to be reliable; however, 
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Transformer Coupled 
ISOLATION 
AMPLIFIER 


• 
INTERNAL 
ISOLATED 
POWER 


• 
8000V ISOLATION 
TEST VOLTAGE 
• 0.5~ 
MAX LEAKAGE 
AT 120V, 60Hz 


• 
3·PORT 
ISOLATION 


• 
IMR: 125dB REJECTION 
AT 60Hz 
.1" x 1"x 0.25" CERAMIC 
PACKAGE 


The 3656 was the fust amplifier 
to provide 
a total 
isolation function, both signal and power isolation, in 
integrated 
circuit form. This remarkable 
advancement 
in analog 
signal processing 
capability 
was accom- 


plished by use of a patented modulation technique and 
miniature 
hybrid transformer. 


Versatility 
and performance 
are outstanding 
features 
of the 3656. 
It is capable 
of operating 
with three 


• 
MEDICAL 
Patient 
Monitoring 
and Diagnostic 
Instrumentation 


• 
INDUSTRIAL 
Ground 
Loop Elimination 
and 
Off-ground 
Signal 
Measurement 


• 
NUCLEAR 
Input/Output/Power 
Isolation 


completely independent grounds (three-port isolation). 
In addition, the isolated power generated 
is available 
to power 
external 
circuitry 
at either 
the input 
or 
output. The uncommitted 
op amps at the input and the 
output allow a wide variety of closed-loop 
configura- 
tions to match 
the requirements 
of many different 
types of isolation applications. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
.J 


This product is covered by the following 
United States patents: 4,066,974; 4,103,267; 
4,082,908. 
Other patents pending may also apply upon the 


allowance 
and issuance 
of patents 
thereon. 
The prOduct may also be covered 
in other countries by one or more international 
patents corresponding 
to the above·identified 
U.S. patents. 
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SPECIFICATIONS 


ELECTRICAL 


At +25°C, V± = 15VDC and 15VDC between P+ and P-, unless otherwise 
specified. 


3656AG, 
BG, HG, JG, KG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
Voltage 


Rated Continuous(1), DC 
3500 (1000) 
VDC 
Test,10s(') 
8000 (3000) 
VDC 
Test, 605(1) 
G, = 10VN 
2000 (700) 
Vrms 


Rejection 
DC 
160 
dB 
60Hz, < 100Q in UP Com(2) 
125 
dB 
60Hz, 51<0in UP Coml2l 
3656HG 
108 
dB 
3656AG, BG, JG, KG 
112 
dB 
Capacitancel') 
6 (6.3) 
pF 
Resistance(') 
10'2 (10'2) 
Q 
Leakage Current 
120V, 60Hz 
0.28 
0.5 
)U\ 


GAIN 
Equations 
See Text 
Accuracy of Equations 
CD 
Initial(3) 3656HG 
G < 100VN 
1.5 
% 
I/) 
3656AG, JG, KG 
1 
% 
CD 
3656BG 
0.3 
% 
vs Temperature 
3656HG 
480 
ppmrc 
C") 


3656AG, JG 
120 
ppmrc 
3656BG, KG 
60 
ppmrc 


V$ Time 
0,02 (1 + log khrs,) 
% 


Nonlinearity 
RA + RF =: Rs ~ 2MQ 


External Supplies Used at 
Pins 12 and 16, 3656HG 
Unipolar or Bipolar Output 
±O,15 
% 
CJ) 


3656AG, JG, KG 
±0.1 
% 
~ 
3656BG 
±O,05 
% 
0 
Internal Supplies Used for 
Bipolar OLitput Voltage 
Output Stage 
Swing, Full Load(') 
±O,15 
% 
::;) 


OFFSET VOLTAGEIS), RTI 
C 
Initial(3),3656HG 
15Vp between P+ and P- 
±(4 + (40/G,)) 
mV 
0 


3656AG, JG 
±(2 + (20/G,)) 
mV 
a: 
3656BG, KG 
±[1 + (10/G,)) 
mV 
C. 
vs Temperature, 
3656HG 
±[2oo + (1OOO/G,)) 
JlVrC 
3656JG 
±[50 + (750/G,)] 
JlVrC 
Z 
3656AG 
±[25 + (500/G,)] 
JlVrC 
0 
3656KG 
±[10 + (350/G,)] 
JlWoC 
3656BG 
±[5 + (350/G,)) 
JlV/oC 


~ 


vs Supply Voltage 
Supply between P+ and P- 
3656HG 
±[O,6 + (3.5/G,)) 
mVN 


3656AG, BG, JG, KG 
±[O,3 + (2.1/G,)) 
rnVN 
..J 


vs Curren~6} 
±[O.l + (10/G,)) 
±[O.2 + (20/G,)) 
rnV/rnA 
0 


V$ Time 
±[10 + (100/G,))· 
~ 


(1 + log khrs.) 
JlV 


AMPLIFIER 
PARAMETERS, 
Apply 
10 A, and A2 
Bias Currentm 


Initial 
100 
nA 


vs Temperature 
0.5 
nAloC 
vs Supply 
0,2 
nAIV 
Offset Current(7) 
5 
20 
nA 


Impedance 
Common-Mode 
100115 
MQllpF 
Input Noise Voltage 
fa = O,05Hz to 100Hz 
5 
JlVp-p 
fa = 10Hz to 10kHz 
5 
~Vrms 


Input Voltage Range(8) 


Linear Operation 
Internal Supply 
±5 
V 


External Supply 
Supply-5 
V 
Output Current 
VOUT= 
±5V 
±15V Externai Supply 
±5 
mA 


Internal Supply 
±2,5 
rnA 


V",}"'=±10V 


±15V External Supply 
±2,5 
mA 
VOIJT 
"" ±2V. VP., 
P_ 
"" 8.5V 


Internal Supply 
±1 
mA 
Quiescent Current 
150 
450 
JlA 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 


3656AG, 
BG, HG, JG, KG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
RESPONSE 
±3dB Response 
Small Signal 
30 
kHz 
Full Power 
1.3 
kHz 
Slew Rate 
Direction Measured at Output 
+0.1, -0.04 
V/IlS 


Settling Time 
to 0.05% 
500 
IlS 


OUTPUT 
Noise Voltage (RTI) 
fa' 
0.05Hz to 100Hz 
"(5)' 
+ (221G,)' 
~Vp-p 


fa' 
10Hz to 10kHz 
"(5)" 
+ (11/G,)2 
IlVrms 


Residual Ripple(9) 
5 
mVp-p 


POWER SUPPLY 
IN, ot P+, P- 
Rated Performance 
15 
VDC 
Voltage Range(1Ol 
Derated Performance 
8.5 
16 
VDC 
Ripple 
Current<9) 
10 
25 
mAp-p 
Quiescent 
Current<11) 
Average 
14 
18 
mAiDC 
Current 
vs Load Current(12) 
vs Current from +V,-V, 
V+, v- 
0.7 
mAimA 


ISOLATED 
POWER OUT, At +V, -V, V+, V- pinsl'3) 
Voltage, No Load 
15V Between P+ and P- 
8.5 
9 
9.5 
V 
Voltage, Full Load 
±15mA (10mA sum) Load(12) 
7 
8 
9 
V 
Voltage 
V$ Power 
Supply 
vs Supply Between P+ and P- 
0.66 
VN 


Ripple Vollage(9) 


No Load 
40 
mVp-p 
Full Load 
±5mA Load 
80 
200 
mVp-p 


TEMPERATURE 
RANGE 
Specification 
3656AG, BG 
-25 
+85 
'c 
3656HG, JG, KG 
0 
+70 
'c 


Operation(10) 
-55 
+100 
'c 
Storage(1.) 
-55 
+125 
'C 


NOTES: (1) Ratings in parenthesis 
are between P- (pin 20) and DIP Com (pin 17). Other isolation ratings are between lIP Com and DIP Com or lIP Com and P-. 


(2) See Performance Curves. (3) May be trimmed to zero. (4) If output swing is unipolar, or if the output is not loaded. specification same as if external supply were used. 
(5) Includes effects of A, and A2 offset voltages and bias currents if recommended 
resistors used. (6) Versus the sum of all external currents drawn from V+. V-, +V, 
-V (= ISO). (7) Effects of A1 and A2 bias currents and offset currents are included in Offset Voltage specifications. 
(8) With respect to lIP Com (pin 3) for A1 and with 
respacllo O/P Com (pin 17) for A2. CMR for A, and A, is 1OOdB,typical. (9) In configuration of Figure 3. Ripple frequency approximateiy 
750kHz. Measurement bandwidth 
is 30kHz. (10) Decreases linearly from 16VDC at 85°C to 12VDC at 100°C. (11) Instantaneous 
peak current required from pins 19 and 20 at turn-on is 100mA for slow 
rising vollages (50ms) and300mA for fast rises (501lS).(12) Load current is sum drawn form +V, -V, V+, V-(= 
I,so)' (13) Maximum voltage rating at pins 1and 4is±18VDC; 


maximum voltage rating at pins 12 and 16 is ±18VDC. (14) Isolation ratings may degrade if exposed to 125°C for more than 1000 hours or 90°C for more than 50,000 
hours. 


Example of the ratings for 3-port continuous 
isolation. 


__ 
(20) 


3500VDC 
'( 
0~ 
1000VDC 
3500VDC 
J.. 
-(9 


NO, 
DESCRIPTION 
NO, 
DESCRIPTION 


1 
+V 
11 
Output DEMOD 
2 
MOD Input 
12 
V- 


3 
Input DEMOD COM 
13 
A2 Noninverting 
Input 
4 
-V 
14 
A2 Inverting Input 


5 
Balance 
15 
A2 Output 


6 
A1 Inverting Input 
16 
V+ 
7 
A1 Noninverting 
Input 
17 
Output DEMOD COM 
8 
Balance 
18 
No Pin 


9 
A, Output 
19 
P+ 
10 
Input DEMOD 
20 
P- 


PACKAGE 
DRAWING 
NUMBERl') 


102A 


Supply Without Damage . 
Input Voltage Range Using Internal Suppiy 
Input Voltage Range Using External Supply 
Continuous 
Isolation Voltage/1) 
•..•.......•..•..•.... 
Storage Temperature 
Lead Temperature, 
(soldering. 
10s) 


. 
16V 


........................ 
±8V 


...... _Supply 
... 3500, (1000) VDC 
........ -55'C 
to +125'C 


...................................... 
_. +300'C 


NOTE: (1) Ratings in parenthesis 
are between P- (pin 20) and O/P Com 


(pin 17). Other isolation ratings are between lIP Com and OIP Com or lIP 
Com and P-. 
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TYPICAL PERFORMAI\lCE CURVES 


5 


0 


co 
-5 
E 
<: -10 
.n; 
<!l~ -15 
.~ 
a; 
II: -20 


-25 


-30 


100 
300 


11 


> 
:!:!. 


Q>J 
0> 
B- 


:>0 
5 


30 
o 


30 


~ 
60 


;E 90 


c1i 
120 


ill•• 150 
" 
"- 
180 


210 


240 


270 


100 


> 
:!:!. 


Q> 
'" 
4 
~ 
0>:; 
g. 
(5 


lk 


Frequency (Hz) 


OUTPUT VOLTAGE SWING vs TEMPERATURE 
AND ISOLATED SUPPLY LOAD 
9 
10k 


> 
7 
If 
:!:!. 
1k 
Q> 
> 
'" 


.s 
~ 
Q> 


0 
5 
'" 
> 
~ 
~ 


0> 
Q> 
100 
0 
." 
0 
Z 


IISO (see note 12 of elEdrical 
specs) 


10 
-55 
0.1 
-75 
-50 
-25 
0 
25 
50 
75 
85 100 


Temperature 
(Oe) 
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10 
100 
lk 


Frequency (Hz) 


lOOk 


CD 
It) 
CD 
C")-- 
l 
tJ) 


<: 
I- 


0 
0 
<:~ 
~ 
is 
C 
.2 
<: 
0 
0 
E.• 
a: 
I 
c. 


0 
Z 


50k 
0 
fi 
...I 
0 
tJ)- 
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TYPICAL PERFORMANCE CURVES (CO NT) 


J 


2.2 


:§. 
C 
1.8 
~ 
() 
C 
1.4 
., 


.~ 
<5 
~:a 
E0z 
0.6 


V 
/ 
, 
,/ 


t< 
../ 
0. 
>" 
---- 
., 
~., 
Cl 


-55 
-75 
-50 
-25 
25 
50 
75 
85 100 


Temperature 
(OC) 


QUIESCENT 
CURRENT AND ISOLATED VDL TAGE 


OUTPUTvs 
SUPPLY VOLTAGE 


15 
10 


<'§. 


b. 
13 
8 
I; 
> 
1ii 
C 
11 
6 
~ 
()c., 
~ 
4 
8 


7 
2 


8 
10 
12 
14 
16 


Supply Voltage at Vp, (V) 


,.. ----- 
---- .. - 
I--- 
, 
±Vat 
I,so - 0 
V ,...- 


±Vat 
11SO : max 
~ 
,, 


I 
I 
,, 
0. 
, 
> 
,, 
I 
--Voltage 
,, 


I···· 
crrent 
., 
- 
Cl 
.' 
.... 


16 


:;;- 


12 .ti- 


'5 
%0., 
C> 
J!!0>" 
4 *~ 


0 


25 


Temperature 
(OC) 


200 


:;;- 
ill 180 


.ti- 
~ 
'5 
<= 
160 


% 


0 
~ 
0 
.a; 140 
., 
a: 
C>~ 
., 


0 
~ 120 
> 
~ 
al]i 
.'2 
100 
1ii 
~ 
~ 
80 


60 


t=60Hz I 
IIII 
I 


Rc is resistance 
in series 
with input common, 
pin 3. 
, " 


I111I11 
L 
" 


",- 


" 
Rc=O 
", 


" 
, 
" 
'L 
, 


" 
" 
k- 
, 
Rc = 5kil 


" 
I 
I 
-- 
Shielded 


I 
I 


.... - - Unshielded 


JIll 
I 


ISOLATION 
MODE REJECTION 
AC AND DC LEAKAGE CURRENT 


vs FREQUENCY 
vs ISOLATION 
VOLTAGE 


20 
50 
2.5 


10 
., 
<' 
40 
<' 
~ 
::;; 
c 
s 


.g~ 
c 
C 


-10 
~ 30 
1.5 ~ 
"'- 
" 
g .~ 
() 
() 
~i 
" 
., 


-20 
0> 
0> 


N 
., 
~ 
20 
~ 
ma: 
.3 
.3 
E 
-30 
0 
() 
() 
z 
< 
10 
0.5 
Cl 


--40 


.•..•..•..•. 
..---- 
AC,60Hz 
-50 
0 
0 


10 
100 
lk 
10k 
lOOk 
0 
2k 
4k 
6k 
8k 
10k 


Frequency (Hz) 
Isolation Voltage (Vp) 
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THEORY OF OPERATION 


Details 
of the 3656 are shown in Figure 
I. The external 
connections 
shown, place it in its simplest gain configura- 
tion -unity 
gain, noninverting. 
Several other amplifier gain 
configurations 
and 
power 
isolation 
configurations 
are 
possible. 
See Installation 
and Operating 
Instructions 
and 
Applications 
sections for details. 


Isolation 
of both signal and power is accomplished 
with a 
single miniature toroid transformer 
with multiple windings. 
A pulse generator 
operating 
at approximately 
750kHz pro- 


vides a two-part voltage waveform 
to transformer, 
TI. One 
part of the waveform is rectified by diodes DI through D4 to 
provide 
the isolated 
power to the input and output stages 
(+V, -V and V+, V-). The other part of the waveform 
is 
modulated 
with input signal information 
by the modulator 
operating 
into the Vz winding of the transformer. 


The modulated 
signal is coupled by windings W6 and W7 to 
two matched demodulators---{)ne 
in the input stage and one 
in the output 
stage-which 
generate 
identical 
voltages 
at 


their outputs, pins 10 and II (Voltages identical with respect 
to their respective 
commons, 
pins 3 and 17). In the input 
stage the input amplifier, 
AI' the modul.ator and the input 
demodulator 
are connected in a negative feedback loop. This 
forces the voltage at pin 6 (connect as shown in Figure I) to 
equal the input signal voltage 
applied at pin 7. Since the 
input and the output demodulators 
are matched and produce 
identical output voltages, the voltage at pin I I (referenced to 
pin 17, the output common) is equal to the voltage at pin 10 
(referenced to pin 3, the input common). 
[n the output stage, 
output amplifier Az is connected as a unity gain buffer, thus 
the output voltage at pin 15 equals the output demodulator 
voltage at pin I I. The end result is an isolated output voltage 


at pin 15 equal to the input voltage at pin 7 with no galvanic 
connection 
between them. 


Several amplifier and power connection 
variations 
are pos- 
sible: 


I. The input stage may be connected 
in various operational 
amplifier gain configurations. 


2. The output stage may be operated 
at gains above unity. 


3. The internally generated 
isolated voltages which provide 
power 
to AI and Az may be overridden 
and external 
supply voltages used instead. 


Versatility 
and its three independent 
isolated grounds allow 
simple solutions 
to demanding 
analog signal conditioning 
problems. 
See the Installation 
and Operating 
Instructions 
and Applications 
sections for details. 


INSTAllATION 
AND 
OPERATING INSTRUCTIONS 


The 3656 is a very versatile device capable of being used in •• 
a variety of isolation and amplification 
configurations. 
There •• 


are several fundamental 
considerations 
that determine 
con- 
figuration 
and component 
value constraints: 


1. Consideration 
must be given to the load placed on the 
resistance (pin 10 and pin II) by external circuitry. Their 
output resistance is lOOkQ and a load resistor of2MQ 
or 
greater 
is recommended 
to prevent 
a voltage 
divider 


loading effect in excess of 5%. 


4 
D, 
y- 


-y 
12 -¢O.47~F 


17 
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2. Demodulator 
loadings should be closely matched so their 
output 
voltages 
will be equal. 
(Unequal 
demodulator 
output voltages 
will produce a gain error.) At the 2MQ 
level, a matching 
error of 5% will cause an additional 
gain error of 0.25%. 


3. Voltage swings at demodulator 
outputs should be limited 
to 5V. The 
output 
may 
be distorted 
if this 
limit 
is 


exceeded. This constrains the maximum allowed gains of 
the input and output stages. Note that the voltage swings 
at demodulator 
outputs are tested with 2MQ load for a 
minimum 
of 5V. 


4. Total current 
drawn from the internal 
isolated 
supplies 


must be limited to less than ±SrnA per supply and limited 
to a total of lOrnA. In other words, the combination 
of 
external 
and internal 
current 
drawn 
from the internal 
circuitry which feeds the +V, -V, V+ and V-pins 
should 
be limited to 5rnA per supply (total current to +V, -V, V+ 
and V- limited to lOrnA). The internal filter capacitors 
for ±V are 0.01~. 
If more than O.lmA 
is drawn 
to 
provide isolated power for external circuitry (see Figure 
12), additional 
capacitors 
are required 
to provide 
ad- 


equate 
filtering. 
A minimum 
of O.l~/rnA 
is recom- 
mended. 


5. The input voltage at pin 7 (noninverting 
input to AI) must 
not exceed the voltage at pin 4 (negative 
supply voltage 
for AI) in order to prevent a possible lockup condition. A 
low leakage diode connected 
between 
pins 7 and 4, as 


shown in Figure 2, can be used to limit this input voltage 
swing. 


6. Impedances 
seen by each 
amplifier's 
+ and - 
input 
terminals should be matched to minimize offset voltages 
caused 
by amplifier 
input bias currents. 
Since the de- 
modulators have a lOOlen output resistance, the amplifier 
input not connected 
to the demodulator 
should also see 
lOOlen. 


7. All external filter capacitors 
should be mounted as close 
to the respective 
supply 
pins 
as possible 
in order 
to 
prevent excessive ripple voltages on the supplies or at the 
output. 
(Optimum 
spacing 
is less than OS'. Ceramic 
capacitors 
recommended.) 


POWER AND 
SIGNAL CONFIGURATIONS 


NOTE: Figures 2, 3 and 4 are used to illustrate both signal 
and power connection 
configurations. 
In the circuits shown, 


the power and signal configurations 
are independent 
so that 
any power 
configuration 
could 
be used 
with any signal 
configuration. 


ISOLATED 
POWER CONFIGURATIONS 


The 3656 is designed 
with isolation between the input, the 


output, and the power connections. 
The internally 
generated 
isolated voltages supplied to Al and A2 may be overridden 
with external voltages greater than the internal supply volt- 


ages. These two features 
of 3656 provide 
a great deal of 
versatility in possible isolation and power supply hook-ups. 
When external 
supplies 
are applied, 
the rectifying 
diodes 


(DI through D4) are reverse biased and the internal voltage 
sources 
are decoupled 
from the amplifiers 
(see Figure 
1). 
Note that when external supplies are used, they must never 
be lower than the internal supply voltage. 


Three-Port 
The power 
supply connections 
in Figure 
2 show the full 
three-port 
isolation 
configuration. 
The 
system 
has three 
separate 
grounds 
with no galvanic 
connections 
between 
them. The two external 0.47~ 
capacitors 
at pins 12 and 16 
filter the rectified isolated voltage at the output stage. Filter- 
ing on the input stage is provided by internal capacitors. 
In 
this configuration 
continuous 
isolation 
voltage ratings are: 


3500V between pins 3 and 17; 3500V between 
pins 3 and 
19; lOOOVbetween pins 17 and 19. 


Two-Port 
Bipolar Supply 


Figure 
3 shows two-port 
isolation 
which uses an external 
bipolar 
supply 
with its common 
connected 
to the output 
stage ground 
(pin 17). One of the supplies 
(either + or - 


could be used) provides power to the pulse generator 
(pins 


19 and 20). The same sort of configuration 
is possible with 


the external supplies connected 
to the input stage. With the 
connection shown, filtering at pins 12 and 16 is not required. 
In this configuration 
continuous 
isolation 
voltage rating is: 


3500VDC 
between 
pins 3 and 17; not applicable 
between 
pins 17 and 19; 3500VDC 
between pins 3 and 19. 


Two-Port 
Single Supply 
Figure 
4 demonstrates 
two-port 
isolation 
using 
a single 
polarity 
supply connected 
to the output common 
(pin 17). 


The other polarity of supply for A2 is internally 
generated 
(thus the filtering at pin 12). This isolated power configura- 
tion could be used at the input stage as well and either 
polarity of supply could be employed. 
In this configuration 
continuous 
isolation voltage rating is: 3500V between pins 


3 and 17; 3500V 
between 
pins 3 and 19; not applicable 


between pins 17 and 19. 


SIGNAL CONFIGURATIONS 


Unity Gain Noninverting 
The signal path portion 
of Figure 2 shows the 3656 is its 


simplest 
gain configuration: 
unity gain noninverting. 
The 


two 
lOOlen resistors 
provide 
balanced 
resistances 
to the 
inverting 
and noninverting 
inputs 
of the amplifiers. 
The 
diode prevents latch up in case the input voltage goes more 
negative than the voltage at pin 4. 


Noninverting 
With Gain 


The signal path portion of Figure 3 demonstrates 
two addi- 
tional 
gain configurations: 
gain in the output 
stage 
and 
noninverting 
gain in the input stage. The following 
equa- 
tions apply: 
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Total amplifier 
gain: 


G=GloGZ=VOUTVIN 
(I) 


Input Stage: 


G1 = I + (RAIF A) 
(2) 
(Select G, to be less than 5V/full scale VIN to limit 
demodulator 
output to 5V). 


RA + RF~ 2MO 
(3) 
(Select to load input demodulator 
with at least 2MO). 


RA (RF+ 1001<0) 
Rc = RA II (RF+ 1001<0) =------- 
(4) 
RA + RF + 1001<0 


(Balance 
impedances 
seen by the + and - inputs 
of A, to reduce input offset caused by bias current). 


Output Stage: 


Gz = I + (RXIRK) 
(5) 
(Select ratio to obtain VOUTbetween 5V and 10V 
full scale with VINat its maximum). 


Rx II RK = 1001<0 
(6) 
(Balance 
impedances 
seen by the + and - inputs 
of Az to reduce effect of bias current on the 
output offset). 


~=~+~ 
m 
(Load output demodulator 
equal to input demodulator). 


Inverting Gain, Voltage or Current Input 


The signal portion of Figure 4 shows two possible inverting 
input stage configurations: 
current 
and input, and voltage 
input. 


Input Stage: 


For the voltage input case: 


G, = -RP'Rs 
(8) 


(Select G1 to be less than 5V/full scale VIN 
to limit the demodulator 
output voltage to 5V). 


RF = 2MO 
(9) 


(Select to load the demodulator 
with 
at least 2MO). 


Rs (RF+ 
lOOkO) 


Rc = Rs II (R, + 1001<0) =- 
----- - 
(10) 
Rs + RF + 1001<0 


(Balance the impedances seen by the + and- inputs of A,). 


For the current input case: 


VOUT= -I1N RF 0 Gz 
(II) 


Rc = RF 
(12) 


RF may be made larger than 2MO 
if desired. 
The 
lOpF 
capacitors 
are used to compensate 
for the input capacitance 
of Al and to insure frequency 
stability. 


Output Stage: 


The output stage is the same as shown in equations 
(5), (6), 


and (7). 
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D1ustrative 
Calculations: 


The maximum 
input 
voltage 
is lOOmV. It is desired 
to 
amplify the input signal for maximum accuracy. Noninverting 
output is desired. 


Input Stage: 


Step 1 


GI max = 5V/max Input Signal = 5V O.IV = 50VN 


With the above gain of 50VN, 
if the input ever exceeds 
lOOmV, it would drive the output to satur.ation. Therefore, 
it 
is good practice to allow reasonable 
input overrange. 


So, to allow for 25% input overrange 
without saturation 
at 
the output, select: 


GI =40VN 


GI = I + (RF + RA) = 40 


:. RF+ RA = 39 


Step 2 


RA + RF forms a voltage 
divider 
with the lOOkQ output 
resistance 
of the demodulator. 
To limit the voltage divider 
loading 
effect 
to no more than 5%, R,\ + RF should 
be 
chosen to be at least 2MQ. For most applications, 
the 2MQ 
should be sufficiently 
large for RA + RF. Resistances 
greater 
than 2MQ may help decrease the loading effect, but would 
increase the offset voltage drift. 


The voltage divider with RA + RF = 2Mfl is 2Mnt(2MQ 
+ 
lOOkQ) = 2/(2 + 0.1) = 95.2%, i.e., the percent loading is 
4.8%. 


Choose RA + RF = 2MQ 


Step 3 


Solving equations 
(13) and (14) 


RA = 50kQ and RF = 1.95MQ 


Step 4 


The resistances 
seen by the + and - input terminals 
of the 
input amplifier 
AI should be closely 
matched 
in order to 
minimize 
offset voltage due to bias currents. 


:·Re = RA II (RF + lookQ) 


= 50kQ II (1.95MQ 
+ lookQ) 


= 49kQ 


Output 
Stage: 


Step 5 


VOUT = VlN MAX· 
GI • G2 


As discussed 
in Step I, it is good practice to provide 25% 
input overrange. 


So we will calculate 
G2 for IOV output and 125% of the 
maximum 
input voltage. 


:,VOUT 
= (1.25· 
0.1)(GI)(G2) 
i.e., IOV = 0.125 • 40 • G2 
.·.Gz = lOV/5V = 2VN 
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Step 6 


G2 = I + (RXIRK) = 2.0 
:.RXIRK = 1.0 
:.Rx = RK 


Step 7 


The resistance 
seen by the + input terminal 
of the output 
stage amplifier A2 (pin 13) is the output resistance 
lookQ of 
the output demodulator. 
The resistance seen by the (-) input 
terminal of A2 (pin 14) should be matched to the resistance 
seen by the + input terminal. 


The resistance 
seen by pin 14 is the parallel combination 
of 
Rx and RK. 


:.Rx 
II RK = lookQ 
(Rx • RK/(Rx + R0 
= lookQ 
RK/[I +(RK1R01 = lOOkQ 
(16) 


Step 8 


Solving 
equations 
(15) and (16) RK = 20kQ 
and Rx = 
200kQ. 


Step 9 


The output demodulator 
must be loaded equal to the input 
demodulator. 
~ 


:.Rs=RA+RF=2MQ 
•• 


(See equation 
(14) above in Step 2). 


Use the resistor values obtained in Steps 3, 4, 8 and 9, and 
connect the 3656 as shown in Figure 3. 


OFFSET TRIMMING 


Figure 5 shows an optional offset voltage trim circuit. It is 
important 
that RA + RF = Rs. 


CASE I: 
Input and output stages in low gain, use output 
potentiometer 
(~) 
only. Input potentiometer 
(RI) 
may be disconnected. 
For example, 
unity gain 
could be obtained by setting RA = Rs = 20MQ, Rc 
= lOOkQ, RF = 0, Rx = lOOkQ, and RK = 00. 


CASE 2: Input stage in high gain and output stage in low 
gain, use input potentiometer 
(RI) only. Output 
potentiometer 
(R~ 
may 
be disconnected. 
For 
example, 
GT = 100 could be obtained 
by setting 
RF = 2MQ, Rs = 2MQ returned 
to pin 17, RA = 
20kQ, Rx = lookQ, 
and RK = 00. 


CASE 3: When 
it is necessary 
to perform 
a two-stage 
precision 
trim (to maintain 
a very small offset 
change under conditions 
of changing temperature 
and changing 
gain in AI and A2), use step I to 
adjust the input stage and step 2 for the output 
stage. Carbon 
composition 
resistors 
are accept- 
able, but potentiometers 
should be stable. 


Step I: Input stage trim (RA = Re = 20kQ, R( = Rs = 20MQ. 
Rx = lookQ, RK = 00, R2 disconnected); 
AI high, A2 
low gain. Adjust RI for OV ±5m V or desired setting 
at VOUT' pin 15. 


Step 2: Output stage trim (RA = RB = 20MO. Rc = lookO. 
RF = O.Rx = lookn. 
RK = 00. R1 and Rz connected); 


Al low. Az low gain. Adjust Rz for OV ±lmV 
or 
desired setting at VOUT' pin 15 (±llOmV 
approxi- 
mate total range). 


NOTE: 
Other circuit component 
values can be used with 
valid results. 


ECG AMPLIFIER 


Although 
the features of the circuit shown in Figure 6 are 
important 
in patient monitoring 
applications. 
they may also 
be useful in other applications. 
The input circuitry uses an 
external. 
low quiescent 
current 
op amp 
(OPAI77 
type) 
powered by the isolated power of the input stage to form a 
high impedance 
instrumentation 
amplifier input (true three- 


wire input). R3 and R4 give the input stage amplifier of the 
3656 a noninverting 
gain of 10 and an inverting gain of -9. 


R1 and Rz give the external amplifier a noninverting 
gain of 
I + 1/9. The inputs are applied to the noninverting 
inputs of 
the two amplifiers 
and the composite 
input stage amplifier 
has a gain of 10. 


The 330kO. IW. carbon resistors and diodes D1 - D4 provide 
protection for the input amplifiers from defibrillation 
pulses. 


The output 
stage in Figure 
6 is configured 
to provide 
a 
bandpass filter with a gain of 22.7 (68Mnt3MO). 
The high- 


pass section (O.05Hz cutoff) is formed by the IJ.IFcapacitor 
and 3MO resistor which are connected in series between the 
output 
demodulator 
and the inverting 
input of the output 
stage 
amplifier. 
The low-pass 
section 
(100Hz 
cutoff) 
is 


formed by the 68MO resistor and 22pF capacitor located in 
the feedback loop of the output stage. The diodes provide for 
quick recovery of the high-pass filter to overvoltages 
at the 
input. The 
lookn 
pot and the looMO 
resistor 
allow the 
output voltage to be trimmed 
to compensate 
for increased 
offset voltage caused by unbalanced 
impedances 
seen by the 
inputs of the output stage amplifier. 


In many modem electrocardiographic 
systems. the patient is 


not grounded. Instead. the right-leg electrode is connected to 
the output of an auxiliary operational 
amplifier as shown in 
Figure 7. In this circuit. the common-mode 
voltage on the 
body is sensed by the two averaging 
resistors. 
R1 and Rz• 


inverted. 
amplified. 
and fed back to the right-leg 
through 
resistor 
~. 
This negative 
feedback 
drives 
the common- 
mode 
voltage 
to a low value. 
The body's 
displacement 
current id does not flow to ground. but rather to the output 
circuit of A3. This reduces 
the pickup 
as far as the ECG 
amplifier is concerned 
and effectively 
grounds the patient. 


The value of R4 should be as large as practical to isolate the 
patient 
from ground. The resistors 
R3 and R4 may be se- 


lected by these equations: 


R3 = (Rll2) 
(Vo!VCM) and R4 = (VCM- Vo)/id 
(-IOV~ 
Vo ~ +IOV and -IOV ~ VCM ~+IOV) 
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330kn 
RA 
1W 


NOTES: (1) Bandpass O.OSHz to 100Hz. 
(2) Adjustable 
resistor may be used to achieve max common-mode 
rejection 
between 
LA IRA and AL.(3) Negative 
15V supply may be connected 
in place of O.471JF capacitor 
if available. 
(4) See offset trimming 
section. 


+V 
0, 


LA 
330kn 
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where 
V0 is the output 
voltage 
of A3, and VeM is the 
common-mode 
voltage between 
the inputs 
LA and RA and 
the input common at pin 3 of the 3656. 


This circuit has the added benefit of having higher common- 
mode rejection 
than the circuit in Figure 6 (approximately 
lOdB improvement). 


BIPOLAR 
CURRENT 
OUTPUT 


The three-port 
capability of the 3656 can be used to imple- 
ment a current output isolation amplifier function-usually 
difficult 
to implement 
when grounded 
loads are involved. 


The circuit is shown in Figure 8 and the following equations 
apply: 


loUT ~ 
±2.5mA 


VI ~ ±4V (compliance) 


RL ~ 1.6kQ 


RF + RA = R, + R2 ~ 2MQ 


CURRENT 
OUTPUT- 
LARGER 
UNIPOLAR 
CURRENTS 


A more practical 
version of the current 
output function 
is 
shown in Figure 9. If the circuit is powered 
from a source 


greater than 15V as shown, a three-terminal 
regulator should 


be used to provide 15V for the pulse generator (pins 19 and 
20). The input stage is configured 
as a unity gain buffer, 
although other configurations 
such as current input could be 
used. The circuit 
uses 
the isolation 
feature 
between 
the 
output stage and the primary power supply to generate the 
output current configuration 
that can work into a grounded 
load. Note that the output transistors can only drive positive 
current into the load. Bipolar current output would require a 
second transistor 
and dual supply. 


Figure 
10 shows the circuit of an expanded 
version of the 
isolated current output function. It allows any input voltage 
range to generate the 4mA to 20mA output excursion and is 
also capable 
of zero 
suppression. 
The 
"span" 
(gain) 
is 
adjusted 
by R2 and the "zero" 
(4mA output for minimum 
input) is set by the 200ill 
pot in the output stage. A three- 
terminal 
5V reference 
is used 
to provide 
a stable 
4mA 
operating 
point. 
The reference 
is connected 
to insert 
an 
adjustable 
bias between 
the demodulator 
output 
and the 
noninverting 
input of the output stage. 


DIFFERENTIAL 
INPUT 


Figure II shows the proper connections 
for differential input 
configuration. 
The 3656 is capable of operating in this input 
configuration 
only for floating 
loads (i.e., the source V IN 


has no connection 
to the ground 
reference 
established 
at 
pin 3). For this configuration 
the usual 2MQ resistor used in 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
IElElI 


BURR-BROWN08 
IE:lE:lI 
Burr-Brown Ie Data Book-Linear 
Products 


the input stage is split into two halves, 
RF and RF_. The 
demodulator 
load (seen by pin 10 with respect to pin 3) is 
still 2MQ for the floating load as shown. Notice pin 19 is 
common in Figure 11 whereas pin 20 is common in previous 
figures. 


SERIES STRING SOURCE 


Figure 12 shows a situation where a small voltage, which is 
part of a series string of other voltages, must be measured. 
The basic problem is that the small voltage to be measured 
is 500V above the system ground (i.e., a system common- 
mode 
voltage 
of 500V 
exists). 
The circuit 
converts 
this 
system CMV to an amplifier isolation mode voltage. Thus, 
the isolation 
voltage 
ratings 
and isolation-mode 
rejection 
specifications 
apply. 


IMPROVED 
INPUT CHARACTERISTICS 


In situations 
where it is desired 
to have better DC input 
amplifier characteristics 
than the 3656 normally provides, it 
is possible to add a precision operational 
amplifier as shown 


in Figure 
13. Here the instrumentation 
grade OPAI77 
is 
supplied 
from the isolated 
power of the input stage. The 
3656 is configured 
as a unity-gain 
buffer. The gain of the 
OPAI77 
stage must be chosen to limit its full scale output 
voltage to 5V and avoid overdriving 
the 3656's 
demodula- 
tors. Since the 3656 draws a significant 
amount of supply 
current, 
extra filtering 
or the input supply is required 
as 


shown (2 X 0.47~. 


ELECTROMAGNETIC 
RADIATION 


The transformer 
coupling used in 3656 for isolation 
makes 


the 3656 a source of electromagnetic 
radiation 
unless it is 
properly shielded. Physical separation between the 3656 and 
sensitive components 
may not give sufficient attenuation 
by 
itself. In these applications, 
the use of an electromagnetic 
shield is a must. A shield, Burr-Brown 
lOOMS, is specially 
designed for use with the 3656 package. Note that the offset 
voltage appearing 
at pin 15 may change by 4mV to 12mV 
with use of the shield; however, 
this can be trimmed 
(see 
Offset Trimming 
section). 


The information provided herein is believed to be reliable; 
however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BUAR·BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject 


to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR·BROWN 
does not 
authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or 
systems. 
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6 Optical Sensors 


OPTIOI-R-A 
new innovation in package de- 
sign, this product is available in red molded plastic 
to provide optical filtering. The red package pro- 
vides selective response to wavelengths greater 
than 570nm, making them ideal for applications 
using red or infrared illumination. 


OPT202-Another 
innovation 
in package 
de- 
sign-a 
5-pin SIP that allows light to originate 
from the "side" of system boards rather than from 
perpendicular sources. Also available in a clear 
plastic DIP as well as a hermetic ceramic DIP. 


OPT209-This 
device is available in plastic DIP, 
and will help to improve your signal-to-noise ratio 
in systems not needing the full 50kHz bandwidth 
of the OPT202. 


OPT210-A 
new 
high 
performance 
SiliCO_ 
photodiode 
and 
precision 
FET -inpu 
transimpedance amplifier integrated on a single 
monolithic chip achieves low noise and 300kHz 
~ 
bandwidth at RF = IMQ. 
0 


OPT301-This 
OEIC is packaged in a hermetic 
CJ) 
TO-99 package with a glass window, and is speci- ffi 
fied over the extended industrial temperature range 
CJ) 
of --40°C to +85°C. Offering a hermetic package 
..J 
and enhanced UV performance, the OPT301 has a 
c:( 
4kHz signal bandwidth. 
0 
i=a.o 


Optical Electronic 
Integrated 
Se sors (OEICs) 
combine the building blocks traditionally used in 
a transimpedance amplifier on a single monolithic 
die. The photodiode; low noise, low bias current 
FET-input 
operational 
amplifier, 
and feedback 
network are matched to optimize performance. 


Our monolithic sensor/amplifier combinations free 
designers from the tedious design JUlesnecessary 
to optimize responsivity and speed while main- 
taining stability and minimal gain peaking in dis- 
crete solutions. Other errors that are reduced by a 
monolithic solution are leakage cUlTenterrors and 
noise. 


Light falling on the photodiode section of the die 
is converted to a current. The op anlp is connected 
as a transimpedance amplifier, converting the pho- 
todiode current into an output voltage which is 
proportional to the intensity and wavelength of the 
light. 


Several products and package options are avail- 
able to allow flexibility in configuling light mea- 
surement systems. An external resistor can be 
placed in series with the internal IMQ to increase 
responsivity in all packages, or placed in parallel 
to reduce the overall responsivity (in all packages 
except the SIP). 


OPTIOl- 
This device was designed to operate on 
a single power supply of +2.7V to +36V, with a 
quiescent current of only 120J.lA at dark. Response 
peaks at 850nm with a response of O.6A1W. 
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Optical Sensors 


OPTICAL SENSORS 


I 
I 


WIDEBAND 
SPECIAL FEATURES 
GENERAL PURPOSE 
(BW,lyp) 
(Basic Function) 
(10, maxI 


OPT211 (150kHz) 
OPT202 (50kHz) 
OPT21 0 (300kHz) 


OPT301 
(UV, Hermetic 
Pkg) 
OPT101 
(Single Supply) 
OPT202G (Hermetic 
DIP) 


OPT101 (2401lA, Red Filler Option) 
OPT209 (500IlA) 
OPT202 (500IlA) 


• DENOTES 
TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ffALlC 
DENOTES PRODUCT IN DEVELOPMENT 


1Ml1 
internal or external 
1Ml1 
internal 
(900 with external 
0.09" x 0.09" 
1MO 
bootstrap 
buffer) 
Internal or external 
50 
0.09" x 0.09" 
External 
(150 with external 
330kn 
to 
bootstrap buffer) 
1OOGl1 
OPT301(3) 
4 
0.09" x 0.09" 
1Ml1 or external 
±2 
±2.25V to ±18V 
500 
Hermetic, general purpose. Extended ultraviolet response. 


NOTES: (1) Available with red plastic optical filter. (2) Available in hermetic ceramic DIP with glass window operating over Mil temperature 
range (-55"C to 125"C). (3) Hermetic, TO·99 package with glass window operating over Mil 


temperature range (-55"C to 125"C). 


Product 


OPT101<') 


Small 
Signal 
Bandwidth 
typ 
(kHz) 


14 


Photodlode 
Dimensions 


0.09" x 0.09" 


Feedback 
Resistor 
typ 


1MO 
or external 


Dark Error 
max 
(mV) 


+5 to +10 
(offset for single 
single supply) 
±2 


Power 
Supply 
Range 
(mV) 


+2.7V to +36V 


I 


Quiescent 
Current 
max 
().tA) 


240 


Description 


Low cost, general purpose. Single supply operation 
with 
nominal 7.5mV output offset pedestal. 


Wide bandwidth 
with Infrared response and extended bandwidth 
using bootstrap 
buffer. 
Wide bandWidth with very high transimpedance gain aliows 
use of external photodiode buffer circuit for widest bandwidth. 


" DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD. ITALIC DENOTES PRODUCT IN DEVELOPMENT 


BURR - BROWN® 
113131 


MONOLITHIC PHOTODIODE AND 
SINGLE-SUPPLY TRANSIMPEDANCE AMPLIFIER 


• 
SINGLE 
SUPPLY: 
+2.7 to +36V 


• 
PHOTODIODE 
SIZE: 0.090 x 0.090 inch 


• 
INTERNAL 
1Mn FEEDBACK 
RESISTOR 


• 
HIGH RESPONSIVITY: 
0.45AIW (650nm) 


• 
BANDWIDTH: 
14kHz at RF = 1Mn 


• 
LOW QUIESCENT 
CURRENT: 
1201lA 


• 
AVAILABLE 
IN 8-PIN DIP, 5-PIN SIP, AND 
8-LEAD 
SURFACE 
MOUNT 
PACKAGES 


• 
CLEAR 
OR RED PLASTIC 
VERSIONS 


• 
MEDICAL 
INSTRUMENTATION 


• 
LABORATORY 
INSTRUMENTATION 


• 
POSITION 
AND PROXIMITY 
SENSORS 


• 
PHOTOGRAPHIC 
ANALYZERS 


• 
BARCODE 
SCANNERS 


• 
SMOKE 
DETECTORS 


• 
CURRENCY 
CHANGERS 


(2) 1 


3pF 


The OPTlOI 
is a monolithic 
photodiode 
with on-chip 
transimpedance 
amplifier. 
Output 
voltage 
increases 


linearly with light intensity. The amplifier is designed 
for single or dual power supply operation, 
making 
it 
ideal for battery operated equipment. 


The 
integrated 
combination 
of 
photodiode 
and 
transimpedance 
amplifier 
on a single chip eliminates 


the problems 
commonly 
encountered 
in discrete 
de- 
signs such as leakage current errors, noise pick-up and 
gain peaking due to stray capacitance. 
The 0.09 x 0.09 


inch photodiode 
is operated 
in the photoconductive 


mode for excellent 
linearity and low dark current. 


The OPT 10I operates 
from +Z.7V to +36V supplies 


and quiescent current is only IZOI!A. It is available in 
clear plastic 8-pin DIP, 5-pin SIP and J-formed DIP for 
surface mounting. 
Red plastic versions are also avail- 
able with optical filter properties, 
providing 
selective 
response 
to wavelengths 
greater 
than 580nm. 
Tem- 
perature range is ooe to 70°C. 
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Or, Call Customer Service at 1·800·548·6132 
(USA Only) 
SPECIFICATIONS 


TA:: 
+25°C, Vs:: +2.7V to +36V, A. = 650nm. internal 
1 Mil 
feedback resistor, and RL:: 
10kQ unless otherwise 
noted. 


OPT101P, 
W 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESPONSIVITY 
Photodiode 
Current 
650nm 
0.45 
AIW 


Voltage Output 
650nm 
0.45 
V1~W 


vs Temperature 
100 
ppml"C 


Unit to Unit Variation 
650nm 
±5 
% 


Nonlinearity{1 ) 
FS Output = 24V 
±C.Ol 
% of FS 
Photodiode 
Area 
(0.090 x 0.090in) 
0.008 
in2 


(2.29 x 2.29mm) 
5.2 
mm2 


DARK ERRORS, 
RTO(2) 


Offset Voltage, Output 
+5 
+7.5 
+10 
mV 
vs Temperature 
±2.5 
~VI·C 
vs Power Supply 
Vs = +2.7V to +36V 
10 
100 
~VN 


Voltage Noise, Dark, fB 
:: 0.1 Hz to 20kHz 
Vs::::+15V, Vp1N3 
= -15V 
300 
~Vrms 


TRANS IMPEDANCE 
GAIN 
Resistor 
1 
MQ 
Tolerance, 
P 
±C.5 
±2 
% 


W 
±C.5 
% 
vs Temperature 
±50 
ppml"C 


FREQUENCY 
RESPONSE 
Bandwidth 
VOUT 
= 10Vp-p 
14 
kHz 
Rise Fall Time. 10% to 90% 
VOUT = 10V Step 
28 
~s 


Settling Time, 
0.05% 
VOUT 
= 10V Step 
160 
~s 
0.1% 
80 
~s 


1% 
70 
~s 


Overload 
Recovery 
100%, Return to Linear Operation 
50 
~s 


OUTPUT 
Voltage Output, High 
(Vs) -1.3 
(Vs) -1.15 
V 
Capacitive 
Load, Stable Operation 
10 
nF 
Short-Circuit 
Current 
Vs = 36V 
15 
mA 


POWER SUPPLY 
Operating 
Voltage Range 
+2.7 
+36 
V 


Quiescent 
Current 
Dark, V PIN3 
'" OV 
120 
240 
~A 


RL 
'" 
00, VOUT'" 10V 
220 
~A 


TEMPERATURE 
RANGE 


Specification 
0 
+70 
·C 


Operating 
0 
+70 
·C 


Storage 
-25 
+85 
·C 


Thermal Resistance, 
6JA 
100 
·CNJ 


NOTES: (1) Deviation in percent of full scale from besHit straight line. (2) Referred to Output. Includes all error sources. 


PHOTODIODE SPECIFICATIONS 


TA", 
+25°C, Vs '" +2.7V to +36V unless otherwise 
noled. 


Pholodlode 
of OPT1 01P 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Photodiode Area 
(0.090 x 0.090in) 
0.008 
in2 
(2.29 x 2.29mm) 
5.2 
mrnZ 


Current Responsivity 
650nm 
0.45 
AIW 
650nm 
865 
~/cm2 


Dark Current 
VOIOOE'" 7.5mV 
2.5 
pA 


vs Temperature 
doubles every 7°C 
Capacitance 
1200 
pF 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 


no responsibility 
for the use of this information, and aUuse of such Information shall be enlirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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For Immediate Assistance, Contact YourLocal Salesperson 
OP AMP SPECIFICATIONS 


OPTl01 
Op Ampl') 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage 
±0.5 
mV 
vs Temperature 
±2.5 
~VI"C 


vs Power Supply 
10 
~VN 


Input Bias Current 
(-) Input 
165 
pA 
vs Temperature 
(-) Input 
1 
pAl"C 
Input Impedance 
Differential 
400115 
MUllpF 
Common-Mode 
2501135 
GUll 
pF 
Common-Mode 
Input Voltage 
Range 
Linear Operation 
Oto((Vs)-1] 
V 
Common-Mode 
Rejection 
90 
dB 


OPEN·LOOP 
GAIN 


Open-loop Voltage Gain 
90 
dB 


FREQUENCY 
RESPONSE 


Gain-Bandwidth 
Produc~2) 
2 
MHz 
Slew Rate 
1 
V/~s 
Settling Time 
1% 
5.8 
~s 


0.1% 
7.7 
lIS 


0.05% 
8.0 
~s 


OUTPUT 
Voltage Output, High 
(Vs)-1.3 
(Vs) -1.15 
V 
Short-Circuit 
Current 
Vs = +36V 
15 
mA 


POWER SUPPLY 
Operating 
Voltage 
Range 
+2.7 
+36 
V 
Quiescent 
Current 
Dark, VPIN> = OV 
120 
240 
~ 
RL 00, VOUT= 
1QV 
220 
~ 


A 
ELECTROSTATIC 


.ilitit.. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures 
can cause damage_ 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


tP\ MOISTURE SENSITIVITY 
~ 
AND SOLDERING 


Clear plastic does not contain the structural-enhancing 
fillers 


used in black plastic molding compound. 
As a result, clear 
plastic is more sensitive to environmental 
stress than black 
plastic. This can cause difficulties if devices have been stored 
in high humidity prior to soldering. The rapid heating during 
soldering can stress wire bonds and cause failures. Prior to 
soldering, it is recommended 
that plastic devices be baked-out 
at +85°C for 24 hours. 


The fire-retardant 
fillers used in black plastic are not compat- 
ible with clear molding 
compound. 
The OPTIOI 
plastic 
packages cannot meet flammability 
test, UL-94. 
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PAD 
FUNCTION 


1 
Vs 
2 
-In 
3 
-V 
4 
1Mil Feedback 
5 
Oulput 
8 
Common 


MILS (0.001") 
MILLIMETERS 


Die Size 
150 x 120 
3.81 x 3.05 


Die Thickness 
18 
0.51 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
None 


Supply Voltage (Vs to "Common" 
or pin 3) 
0 to +36V 
Output Short-Circuit 
(to ground) 
Continuous 
Operating 
Temperature.. 
. 
-25DC 
to +85DC 


Storage Temperature 
-25°C 
to +85°C 


Junction Temperature 
_ 
+85°C 


Lead Temperature 
(soldering, 
105) 
+300°C 
(Vapor-Phase 
Soldering 
Not Recommended) 


PACKAGE 
DRAWING 
MODEL 
COLOR 
PACKAGE 
NUMBERl') 


OPT101P 
Clear 
8-Pin Plastic DIP 
006-1 
OPT101P-R 
Red 
8·Pin Plastic DIP 
006-1 


OPT101P-J 
Clear 
8~LeadSurface 
Mount(2) 
006-4 


OPT101 P-R-J 
Red 
a-Lead 
Surface 
Mount{21 
006-4 


OPT101W 
Clear 
5-Pin Plastic SIP 
321 
OPT101W-R 
Red 
5-Pin Plastic SIP 
321 


~--I 


: 
(1) 
I 
~__I 


NOTE: 
(1) For detailed drawing and dimension 
table. please 
see end of data 
sheet. or Appendix C of Burr-Brown 
IC Data Book. (2) 8-pin DIP with J-formed 
leads for surface mounting. 
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.~ 
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E0 
0.1 
z 


0 
200 


~ 
" 
0> 
.'!! 
"0 
0.1 
> 
~:; 
0 
0.01 


0.1 


Irradiance 
(W/m2) 


I 
I 


SIP Package 
e:y 


e-I:'&:r 


5lcg. 
0.6 
" 
a: 
11 
.~ 
0.4 


Q;a: 


±40 


Incident Angle (0) 


~ 
"Fg 
0.1 


=>E- 
60.01 


10 


Radiant Power (~W) 


./ 
- 
--- 


> 
Ei7.6 


"0> 
S 7.4 
E- 
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TYPICAL PERFORMAINCE CURVES (CONT) 


300 
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~ 
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E 
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~ 
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250 
~ 
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~ 
u 
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c"~ 100 
8 
50 
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I 
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I 
I 
I 
I 


Vs - 15':)OUI 
Vp1N3 
= 15V 


~, 
Your - VplN' = 5V 
I 
I 


Vs-+15V, 
Vou'r-VplN3=OV 


Vs = +5V, v:n - Vp1NJ= OV 
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APPLICATIONS 
INFOr~MATION 


Figure I shows the basic connections 
required to operate the 
OPT 10I. Applications 
with high-impedance 
power supplies 


may 
require 
decoupling 
capacitors 
located 
close 
to the 
device pins as shown. Output is 7.5m V dc with no light and 
increases with increasing 
illumination. 


Photodiode current, ID, is proportional to the radiant power, or 
flux, (in watts) falling on the photodiode. At a wavelength of 
650nm 
(visible 
red) the photodiode 
Responsivity, 
RI, is 
approximately O.45A1W. Responsivity at other wavelengths is 
shown 
in the typical performance 
curve "Responsivity 
vs 
Wavelength." 


The typical performance 
curve "Output Voltage vs Radiant 
Power" 
shows 
the response 
throughout 
a wide range 
of 
radiant 
power. 
The 
response 
curve 
"Output 
Voltage 
vs 
Irradiance" 
is based on the photodiode 
area of 5.2mm2• 


The OPTIOI's 
voltage output is the product of the photodiode 


current times the feedback resistor, (IDI~), plus a pedestal 
voltage, VB' of approximately 
7.5mV introduced for single 


supply operation. The internal feedback resistor is laser trimmed 
to IMQ. Using this resistor, the output voltage responsivity, Rv, 
is approximately 
O.45V/j.lW at 650nm wavelength. Figure I 


shows the basic circuit connections for the OPTIOI operating 
with a single power supply and using the internal IMn feedback 
resistor for a response 
of O.45VIj.lW at 65Onm. Pin 3 is 


connected to common in this configuration. 


CAPACITIVE 
LOADING 


The OPTIOI 
is capable of driving load capacitances 
of IOnF 


without 
instability. 
However, 
dynamic 
performance 
with 


capacitive 
loads can be improved 
by applying 
a negative 
bias voltage to Pin 3 (shown in Figure 2). This negative 
power supply voltage allows the output to go negative 
in 
response 
to the reactive 
effect 
of a capacitive 
load. 
An 
internal JFET connected 
between pin 5 (output) and pin 3 


allows the output to sink current. This current sink capability 
can also be useful 
when driving 
the capacitive 
inputs of 


some analog-to-digital 
converters 
which require the signal 
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source 
to sink currents 
up to approximately 
lOOj.lA. The 
benefits 
of this 
current 
sink 
are 
shown 
in the 
typical 
performance 
curves 
"Small 
Signal 
Response 
(CWAD = 
IO,OOOpF)"which compare 
operation 
with pin 3 grounded 


and connected 
to -15V. 


Due to the architecture of this output stage current sink, there 
is a slight increase in operating current when there is a voltage 
between pin 3 and the output. Depending on the magnitude of 
this 
voltage, 
the 
quiescent 
current 
will 
increase 
by 


approximately 
lOOj.lA as shown in the typical performance 


curve "Quiescent Current vs (Vour- 
VPlN:0". 


NOISE PERFORMANCE 


Noise performance 
of the OPT 10I is determined 
by the op 


amp characteristics, 
feedback 
components 
and photodiode 


capacitance. 
The typical performance 
curve "Output Noise 
Voltage vs Measurement 
Bandwidth" 
shows how the noise 


varies 
with RF and measured 
bandwidth 
(O.IHz 
to the 
indicated 
frequency), 
when the output 
voltage 
minus 
the 
voltage on pin 3 is greater than approximately 
50m V. Below 
this level, the output stage is powered down, and the effective 
bandwidth 
is 
decreased. 
This 
reduces 
the 
noise 
to 
approximately 
1/3 the nominal noise value of 300j.lVrms, or 
lOOj.lVrms. This enables a low level signal to be resolved. 


Noise can be reduced by filtering the output with a cutoff 
frequency equal to the signal bandwidth. This will improve 
signal-to-noise ratio. Also, output noise increases in proportion 
to the square root of the feedback resistance, while responsivity 
increases linearly with feedback resistance. Best signal-ta-noise 
ratio is achieved with large feedback resistance. This comes 
with the trade-off of decreased bandwidth. 


The noise performance 
of the photodetector 
is sometimes 


characterized 
by Noise Effective Power (NEP). This is the 
radiant power that would produce an output signal equal to the 
noise level. NEP has the units of radiant power (watts), or 
Watts/-./HZ to convey spectral information 
about the noise. 


The typical performance 
curve "Noise Effective Power" vs 


Measurement Bandwidth" illustrates the NEP for the OPTIOI. 


The dark errors in the specification 
table include all sources. 
The dominant source of dark output voltage is the "pedestal" 
voltage applied to the non-inverting 
input of the op amp. 
This voltage is introduced to provide linear operation in the 
absence of light falling on the photodiode. 
Photodiode 
dark 
current is approximately 
2.SpA and contributes 
virtually no 
offset error at room temperature. 
The bias current of the op 
amp's summing junction 
(- input) is approximately 
l6SpA. 


The dark current will be subtracted from the amplifier's bias 
current, 
and this residual 
current 
will flow 
through 
the 
feedback resistor creating an offset. The effects of temperature 
on 
this 
difference 
current 
can 
be 
seen 
in the 
typical 


performance 
curve "(IBlAS 
- IOARK) 
vs Temperature." 
The 
dark output voltage can be trimmed to zero with the optional 
circuit shown in Figure 3. A low impedance offset driver (op 
amp) should be used to drive pin 8 (DIP) because this node 
has signal-dependent 
currents. 


5 


(5) 


Adjust R, 
forVo'OV 
with no light. 


An external resistor, REXT, can be connected to set a different 
voltage responsivity. To increase the responsivity, this resistor 
can be placed in series with the internal IMQ (Figure 4a), or 
with the DIP package, 
the external resistor can replace the 


internal resistor by not connecting 
pin 4 (Figure 4b). The 
second 
configuration 
also 
allows 
the circuit 
gain 
to be 
reduced 
below 
106V/A by using external 
resistors 
of less 
than IMQ. 


Figure 
4 includes 
tables 
showing 
the 
responsivity 
and 
bandwidth. 
For values of RF less than 
IMQ, 
an external 


capacitor, 
CEXT should be connected 
in parallel 
with RF. 


This 
capacitor 
eliminates 
gain 
peaking 
and 
prevents 
instability. 
The value of CEXT can be determined 
from the 
table in Figure 4. Values of RF, other than shown in the table, 
can be interpolated. 


REXT 
CEXT 
DC Gain 
Bandwidth 


(MO) 
(pF) 
(xl0OV/A) 
(kHZ) 


1 
50 
2 
8 
2 
25 
3 
6 


5 
10 
6 
2.5 
10 
5 
11 
1.3 
50 
- 
51 
0.33 


REXT 
CEXT 
DC Gain 
Bandwidth 


(MO) 
(pF) 
(xl0'VlA) 
(kHz) 


0.05(') 
56 
0.05 
58 
0.1(1) 
33 
0.1 
44 


1 
- 
1 
23 
2 
- 
2 
9.4 
5 
- 
5 
3.6 
10 
- 
10 
1.8 


50 
- 
50 
0.34 
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LIGHT SOURCE 
POSITIONING 
approximately 
14kHz. The R and C values are IMQ and 
IlpF respectively. 
By using external resistors, with less than 
3pF parasitic 
capacitance, 
the frequency 
response 
can be 
improved. An externallMQ 
resistor used in the configuration 
shown in Figure 4b will create a 23kHz bandwidth 
with the 
same 106y IA dc transimpedance 
gain. This yields a rise time 
of approximately 
15/lS (10% to 90%). Dynamic response 
is 
not limited by op amp slew rate. This is demonstrated 
by the 
dynamic response oscilloscope photographs showing virtually 
identical large-signal 
and small-signal 
response. 


Dynamic response will vary with feedback resistor value as 
shown in the typical performance 
curve "Responsivity 
vs 
Frequency." 
Rise time (l0% to 90%) will vary according to 
the -3dB 
bandwidth 
produced 
by a given feedback resistor 
value: 


The OPTIOI 
is tested with a light source that uniformly 
illuminates 
the full area of the integrated 
circuit, including 
the op amp. Although 
IC amplifiers 
are light-sensitive 
to 
some degree, the OPTIOI 
op amp circuitry 
is designed 
to 
minimize 
this effect. Sensitive junctions 
are shielded 
with 
metal, and the photodiode area is very large relative to the op 
amp input circuitry. 


If your light source is focused to a small area, be sure that 
it is properly 
aimed to fall on the photodiode. 
A narrowly 
focused beam falling on only the photodiode 
will provide 
improved settling times compared to a source that uniformly 
illuminates 
the full area of the die. If a narrowly 
focused 
light source were to miss the photodiode 
area and fall only 
on the op amp circuitry, 
the OPTIOI 
would not perform 
properly. 
The 
large 
0.09" 
x 0.09" 
(2.29mm 
x 2.29mm) 
photodiode 
area allows easy positioning 
of narrowly focus- 
ed light sources. The photodiode 
area is easily visible, as it 
appears 
very 
dark 
compared 
to the 
surrounding 
active 
circuitry. 


The 
incident 
angle 
of the 
light 
source 
also effects 
the 
apparent sensitivity in uniform irradiance. For small incident 
angles, the loss in sensitivity 
is simply due to the smaller 
effective light gathering area of the photodiode (proportional 
to the cosine of the angle). At a greater incident angle, light 
is diffracted 
and scattered by the package. These effects are 
shown in the typical performance 
curve "Responsivity 
vs 
Incident Angle." 


t, = 0.35 
fc 
where: 
t, is the rise time (10% to 90%) 
fc is the -3dB 
bandwidth 


The photodiode 
is operated in the photoconductive 
mode so 
the current 
output 
of the photodiode 
is very linear 
with 
radiant power throughout a wide range. Nonlinearity 
remains 
below approximately 
0.05% up to lOOIlAphotodiode current. 


The photodiode 
can produce 
output 
currents 
of ImAor. 
greater with high radiant power, but nonlinearity 
increases 
to several percent in this region. 


This very linear performance 
at high radiant power assumes 
that the full photodiode 
area is uniformly illuminated. 
If the 
light source is focused to a small area of the photodiode, 
nonlinearity 
will occur at lower radiant power. 


DYNAMIC 
RESPONSE 


Using the internal 
IMQ resistor, 
the dynamic 
response 
of 
the photodiode/op 
amp combination 
carl be modeled 
as a 
simple 
R • C circuit 
with 
a -3dB 
cutoff 
frequency 
of 


10.0110 
0.1~F 


+2.7 to 
+36V 


~ 


BURR-BROWNca 
'E:lE:I' 
Burr-Brown Ie Data Book-Linear 
Products 


10V 
100kn 


6 


~Glass 
Microscope Slide 
D. 


Approximately 
92% light 
---- 
" ':I'':' 
available 
for application. 


LED 
i:iii~:i 
,. 
BY., 


;i::~\ 
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PHOTODIODE 
WITt.• ON-CHIP AMPLIFIER 


• 
BANDWIDTH: 
50kHz 


• 
PHOTODIODE 
SIZE: 0.090 x 0.090 inch 


(2.29 x 2.29mm) 


• 
1MQ FEEDBACK 
RESISTOFI 


• 
HIGH RESPONSIVITY: 
0.45AIW (650nm) 


• 
LOW DARK 
ERRORS: 
2mV 


• 
WIDE SUPPLY 
RANGE: 
±2.25 to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
4001lA 


• 
TRANSPARENT 
8-PIN DIP AND 5-PIN SIP 


• 
HERMETIC 
8-PIN CERAMIC 
DIP 


• 
MEDICAL 
INSTRUMENTATION 


• 
LABORATORY 
INSTRUMENTATION 


• 
POSITION 
AND PROXIMITY 
SENSORS 


• 
PHOTOGRAPHIC 
ANAL YZEI:tS 


• 
SMOKE 
DETECTORS 


2 
(Pin available on DIP only) 


1MQ 


The 0PT202 
is an opto-electronic 
integrated 
circuit 
containing 
a 
photodiode 
and 
transimpedance 
amplifier on a single dielectrically 
isolated chip. The 
transimpedance 
amplifier consists of a precision FET- 
input op amp and an on-chip metal film resistor. The 
0.09 x 0.09 inch photodiode is operated at zero bias for 
excellent 
linearity and low dark current. 


The 
integrated 
combination 
of 
photodiode 
and 
transimpedance 
amplifier on a single chip eliminates 


the problems 
commonly 
encountered 
in discrete 
de- 
signs such as leakage current errors, noise pick-up and 
gain peaking due to stray capacitance. 


The 0PT202 
operates over a wide supply range (±2.25 
to ±18V) 
and supply 
current 
is only 400~. 
It is 


packaged 
in a transparent 
plastic 8-pin DIP or 5-pin 
SIP, specified for the O°C to +70°C temperature 
range 
as well as a hermetic ceramic 8-pin DIP with a glass 
window, 
specified 
for the -40°C 
to +85°C tempera- 
ture range. 


0.5 
0.5 I 
~ 
'" 
~ 
0.4 
0.4 
.s; 
.;;; 


=> 
§ 
~ 0.3 
0.3 
8 
., 
a: 
., 
., 


C> 0.2 
0.2 
'0 
1!! 
0 
" 
'6 
> 
~ 
0.1 
0.1 
"- 
o 
0 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 1100 


Wavelength 
(nm) 


BURR-BROWNo3I 
113131 


OPT202P, 
W, G 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESPONSIVITY 
Photodiode 
Current 
650nm 
0.45 
AIW 


Vo~age Output 
650nm 
0.45 
VI~W 


vs Temperature 
100 
ppmf'C 


Unit-ta-Unit 
Variation 
650nm 
±5 
% 


Nonlinearity(l) 
FS Output: 
10V 
0.01 
%01 FS 


Photodiode 
Area 
(0.090 x 0.090in) 
0.008 
in2 


(2.29 x 2.29mm) 
5.2 
mm' 


DARK 
ERRORS, 
RTO(2) 
Offset Voltage, Output: P, W Packages 
±0.5 
±2 
mV 


G Package 
±0.5 
±3 
mV 


vs Temperature 
±10 
~vrc 


vs Power 
Supply 
Vs = ±2.25V to ±18V 
10 
100 
~VN 


Voltage Noise 
Measured 
BW = 0.1Hz to 100kHz 
1 
mVrms 


RESISTOR-1 
MO Internal 


Resistance 
1 
MO 


Tolerance: P, G Packages 
±0.5 
±2 
% 


W Package 
±0.5 
% 


vs Temperature 
50 
ppmf'C 


FREQUENCY 
RESPONSE 
Bandwidth, Large or Small-Signal. -3dB 
50 
kHz 


Rise Time, 10% to 90% 
10 
~s 


Settling 
Time, 
1% 
FS to Dark 
10 
~s 


0.1% 
FS to Dark 
20 
~s 
0.01% 
FS to Dark 
40 
~s 


Overload Recovery Time (to 1%) 
100% 
Overdrive, 
Vs 
== ±15V 
44 
~s 


100% 
Overdrive, 
Vs 
== ±5V 
100 
~s 


100% 
Overdrive, 
Vs 
'" ±2.25V 
240 
~s 


OUTPUT 
Voltage Output 
RL = 10kO 
(V+) - 
1.25 
(V+) -1 
V 


RL = 5kO 
(V+) -2 
(V+) -1.5 
V 


Capacitive 
Load, 
Stable 
Operation 
10 
nF 


Short-Circuit 
Current 
±18 
mA 


POWER SUPPLY 
Specified 
Operating 
Voltage 
±15 
V 


Operating 
Voltage 
Range 
±2.25 
±18 
V 
Quiescent 
Current 
Vo = 0 
±400 
±500 
~A 


TEMPERATURE 
RANGE 
Specification; 
P, W Packages 
0 
+70 
·C 
G Package 
-40 
+85 
·C 
Operating, 
P, W Packages 
0 
+70 
·C 
G Package 
-55 
+125 
·C 
Storage 
P, W Packages 
-25 
+85 
·C 


G Package 
-55 
+125 
·C 
Thermal Resistance, 6JA 
100 
·CIW 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 
Op Amp Section 
of OPT202(1) 


TA = +25°C, Vs = ±15V, unless otherwise 
noted. 


OPT202 Op Amp 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage 
±O.5 
mV 


vs Temperature 
±5 
~V/oG 


vs Power Supply 
Vs: 
±2.25V to ±18V 
10 
~VN 
Input Bias Current 
1 
pA 
vs Temperature 
doubles every 1OOG 


NOISE 
Input Voltage Noise 


nVl#lZ 
Voltage Noise Density, 
f == 10Hz 
30 
t: 
100Hz 
25 
nVl#lZ 


f: 
1kHz 
15 
nVl#lZ 
Current Noise Density, 
f:::: 1kHz 
0.8 
fAl#lZ 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±14.4 
V 
Common-Mode 
Rejection 
106 
dB 


INPUT IMPEDANCE 
Differential 
10"113 
011 pF 


Common-Mode 
10"113 
011 pF 


OPEN-LOOP 
GAIN 


Open-Loop 
Voltage Gain 
120 
dB 


FREQUENCY 
RESPONSE 


Gain-Bandwidth 
Product 
16 
MHz 
Slew Rate 
6 
V/~s 


Settling Time 
0.1% 
4 
~s 
0.01% 
5 
~s 


OUTPUT 
Voltage Output 
RL: 
10kQ 
(V+) -1.25 
(V+)-l 
V 


RL: 
5kQ 
(V+)-2 
(V+)-1.5 
V 
Short·Circuit 
Current 
±18 
mA 


POWER SUPPLY 
Specified Operating Voltage 
±15 
V 
Operating Voltage Range 
±2.25 
±18 
V 
Quiescent Current 
10: 0 
±400 
±500 
~ 


NOTE: (1) Op amp specifications 
provided for information and comparison 
only. 


PHOTODIODE SPECIFICATIONS 


T A = +25°C, unless otherwise 
noted. 


Photodiode 
of OPT202 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Photodiode 
Area 
(0.090 x 0.090in) 
0.008 
in2 


(2.29 x 2.29mm) 
5.2 
mm' 
Current Responsivity 
650nm 
0.45 
AIW 
Dark Current 
Vo = OVP) 
500 
fA 
vs Temperature 
doubles every 10°C 


Capacitance 
Vo = OVP} 
600 
pF 


The information provided heroin is boliovod to be reliable; however, BURR-BROWN 
assumes no responsibility for InaccuracIes or omIssions. SURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR-BROWN 
product for use in life support devices and/or systems. 
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Photodiode 
Area 
0.090 
x 0.090 
inch 
2.29 x 2.29 mm 


~--I 


: 
(1) 
I 
~__I 


Common 


v+ 
v- 


1Mn Feedback 
4 


Output 


Supply Vonage 
±18V 
Input Vonage Range (Common Pin) 
±Vs 


Output Short-Circuit 
(to ground) 
Continuous 


Operating Temperature: 
P, W 
-25°C to +85°C 
G 
-SS·C to +12S·C 
Storage Temperature: 
P, W 
-25°C to +85°C 
G 
-SS·C to +12S·C 
Junction Temperature: 
P, W 
+85°C 


G 
+lS0·C 
lead Temperature 
(soldering. 
105) 
+300·C 


(Vapor-Phase 
Soldering Not Recommended 
on Plastic Packages) 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


OPT202P 
a-Pin Plastic DIP 
006-1 
OPT202W 
5-Pin Plastic SIP 
321 
OPT202G 
84Pin Ceramic DIP 
181-1 


PAD 
FUNCTION 


1 
V+ 
2 
-In 
3 
V- 
4 
1Mn Feedback 


S 
Output 


6 
NC 


7 
NC 


8A,86 
Common 


NC: No Connection. 
Pads SA and 88 must both be con- 
nected to common. Substrate Bias: The substrate is electri- 
cally connected to internal circuitry. Do not make electrical 
connection to the substrate. 


MtlS 
(0.001") 
MilliMETERS 


Die Size 
154x 120±S 
3.91 x 3.0S ±0.13 


Die Thickness 
20±3 
O.Sl ±O.08 


Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
None 


A 
ELECTROSTATIC 
J.lJtia. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 
propriate precautions. Failure to observe proper handling and 
installation procedures can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications_ 
tP\ MOISTURE SENSITIVITY 
"l>I AND SOLDERING 


Clear plastic does not contain the structural-enhancing 
fillers 


used in black plastic molding compound. 
As a result, clear 
plastic is more sensitive to environmental 
stress than black 
plastic. This can cause difficulties if devices have been stored 
in high humidity prior to soldering_ The rapid heating during 
soldering can stress wire bonds and cause failures. Prior to 
soldering, it is recommended 
that plastic devices be baked-out 
at 85°C for 24 hours. 


The fire-retardant 
fillers used in black plastic are not compat- 
ible with clear molding 
compound. 
The 0PT202 
plastic 
packages cannot meet flammability 
test, UL-94. 
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(0.48A1W) 
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I 
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=> 
% 
~ 
08 
~ 
g 
0.6 
" 
<= 


~ 
0.4 
() 
-g 


~ 
0.2 
Eoz 
o 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 1100 


Wavelength 
(nm) 


0.1 


Irradiance (W/m2) 


, 
SIP Pad<age iBy 


Et-~ 


~ 
8.. 
0.6 
ill 
a: 


.~ 
0.4 
'9 
Plastic 
i6v 
~"~WN 


o 


o 
±20 
±40 
±60 


Incident Angle (OJ 


10 


Radiant Power (~W) 


~ 
I'\. 


\ 


ex and 9y 


\ 


'9 
Ceramic 
'ev 
\ 


~~ 
~ 


0.90 


0.80 


=> 
0.70 


~ 
0.60 
o 
~ 
0.50 


.~ 
a;a: 


10 
20 
30 
40 
50 
60 
70 
80 
90 


Angle of Incidence 


- 


0.6 


0.5 
«.s 
0.4 
"~" 
0.3 
() 
E 
~ 
0.2 
Q) 
8 
0.1 


I 


, 
I 
,'- 
Vs=±15V 
"- - 
" -<. 
--, 
-- - 
r-- 
-............, 


V 
= ±2.25V 
--- .... 
Dice- 


Dotted 
lines indicate 


noise 
measured 
beyond 
10-3 
the signal bandwidth. 
§ 


~ 
10-4 


~ 
"0> 10-5 


1A'0z 


10-7 


10-8 


[ 
10-' 


I;; 
;0 
0 
10-10 
a. 
~ 
"ti 


Q) 
10-11 


'"W 


1A 
'0 
Z 
10-12 


10-13 


Dotted 
lines indicate 
noise measured 
beyond 


i= 
the signal bandwidth. 


l. 
650nm 
. 
. 
. 
~, 
- 
, . 


, 


60 


RF= 
100kU 
50 


RF= 
1MU 
40 


RF = 10MU 
C 
J'l 
30 
.C' 
::::> 
RF= 
100MU 
20 


10 


1 
I 


l. = f50n~ 


Distribution 
Totals 


100% 


Laboratory 
Test 
Data 


r-l 


100 
lk 
10k 


Frequency (Hz) 
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APPLICATIONS 
INFOAIMATION 


Figure 1 shows the basic connections 
requ tred to operate the 
OPT202. Applications 
with high-impedance 
power supplies 


may 
require 
decoupling 
capacitors 
located 
close 
to the 


device pins as shown. Output is zero volts with no light and 
increases 
with increasing 
illumination. 


(Pin available on DIP only) 


1MQ 
R, 


10 is proportional 
to light intensity 
(radiant power). 


10 I 
/...~. 


Photodiode 
current, ID, is proportional 
to the radiant power 
or flux (in watts) falling on the photodiode. 
At a wavelength 


of 650nm (visible red) the photodiode 
Responsivity, 
RI, is 


approximately 
0.45A/W. Responsivity 
at other wavelengths 
is shown in the typical performance 
curve "Responsivity 
vs 
Wavelength. " 


The typical performance 
curve "Output Voltage vs Radiant 
Power" 
shows 
the response 
throughout 
a wide range 
of 
radiant 
power. 
The 
response 
curve 
"Output 
Voltage 
vs 
Irradiance" 
is based on the photodiode area of 5.23 x l~m2. 


The OPT202's 
voltage output is the product of the photodiode 


current 
times 
the feedback 
resistor, 
(lDRF)' The internal 
feedback resistor is laser trimmed to IMf,l ±2%. Using this 
resistor, the output voltage responsivity, Rv, is approximately 
0.45V//-lW at 650nm wavelength. 


An external 
resistor 
can be connected 
to set a different 


voltage responsivity. 
Best dynamic performance 
is achieved 
by connecting 
REXT in series (for RF > 1M!:!), or in parallel 
(for RF < 1M!:!), with the internal 
resistor 
as shown 
in 
Figure 2. Placing 
the external 
resistor in parallel 
with the 
internal resistor requires the DIP package. These connections 
take advantage of on-chip capacitive guarding of the internal 
resistor, which improves 
dynamic perforn~ance. For values 
of RF less than 1M!:!, an external capacitor, CEXTo should be 
connected 
in parallel with RF (see Figure 2). This capacitor 
eliminates 
gain peaking and prevents instability. 
The value 
of CEXT can be read from the table in Figure 2. 


The 0PT202 
is 100% tested with a light source that uniformly 


illuminates 
the full area of the integrated 
circuit, including 
the op amp. Although all IC amplifiers 
are light-sensitive 
to 
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some degree, the OPT202 
op amp circuitry 
is designed 
to 


minimize 
this effect. Sensitive junctions 
are shielded 
with 
metal, and differential stages are cross-coupled. 
Furthermore, 


the photodiode 
area is very large relative to the op amp input 
circuitry making these effects negligible. 


If your light source is focused to a small area, be sure that 
it is properly aimed to fall on the photodiode. 
If a narrowly 


focused light source were to miss the photodiode 
area and 
fall only on the op amp circuitry, 
the OPT202 
would not 
perform properly. The large (0.090 x 0.090 inch) photodiode 
area allows easy positioning of narrowly focused light sources. 
The photodiode 
area is easily visible-it 
appears very dark 
compared 
to the surrounding 
active circuitry. 


The 
incident 
angle 
of the 
light 
source 
also 
affects 
the 


apparent sensitivity in uniform irradiance. For small incident 
angles, the loss in sensitivity 
is simply due to the smaller 
effective light gathering area of the photodiode 
(proportional 
to the cosine of the angle). At a greater incident angle, light 
is diffused 
by the side of the package. 
These 
effects 
are 
shown in the typical performance curve "Response vs Incident 
Angle." 


REXT 


175Q 


vo= 
loRF 
CJ) 


OPT202 
a:0 


v+ 
v- 
CJ) 
CEXT 
Z 
W 
CJ) 


For RF< 1Mn 
R,= 
REXTlllMQ 
REXT 
..J 


lMQ 
4 
«0 


3pF 
i= 
c.. 
0 
175Q 
5 


Vo=loRF 


OPT202 


3 
Circuit Requires 


DIP Package 


V+ 
V- 


EQUIVALENT 
R, 
CEXT 


100MQ 
(1) 


10MQ 
1') 


1MQ 
(1) 


330kQ 
2pF 


S100kQ 
12) 


NOTES: (1) No GEXT required. (2) 
Not recommended 
due to possible 
op amp instability. 


The dark errors in the specification 
table include all sources. 
The dominant 
error source is the input offset voltage of the 
op amp. Photodiode 
dark current and input bias current of 
the op amp are in the 2pA range and contribute 
virtually no 
offset error at room temperature. 
Dark current and input bias 
current double for each lOoC above 25°C. At 70°C, the error 
current can be approximately 
lOOpA. This would produce a 
ImV offset with RF = 10MQ. The 0PT202 
is useful with 
feedback resistors of IOOMQor greater at room temperature. 
The dark output voltage can be trimmed 
to zero with the 
optional circuit shown in Figure 3. 


When used with very large feedback resistors, tiny leakage 
currents on the circuit board can degrade the performance 
of 
the OPT202. Careful circuit board design and clean assembly 
procedures 
will help achieve 
best performance. 
A "guard 
ring" on the circuit board can help minimize 
leakage to the 
critical non-inverting 
input (pin 2). This guard ring should 
encircle pin 2 and connect to Common, 
pin 8. 


LINEARITY 
PERFORMANCE 


Current output of the photodiode 
is very linear with radiant 
power throughout a wide range. Nonlinearity 
remains below 
approximately 
0.01% up to lOO/JAphotodiode 
current. The 
photodiode 
can produce output currents of 10mA or greater 
with high radiant power, but nonlinearity 
increases to several 
percent in this region. 


This very linear performance 
at high radiant power assumes 
that the full photodiode 
area is uniformly 
illuminated. 
If the 
light source is focused 
to a small area of the photodiode, 
nonlinearity 
will occur at lower radiant power. 


DYNAMIC 
RESPONSE 


Using the internal 
IMQ resistor, 
the dynamic 
response 
of 
the photodiode/op 
amp combination 
can be modeled 
as a 


simple RlC circuit with a -3dB 
cutoff frequency 
of 50kHz. 


This yields a rise time of approximately 
10lJS(10% to 90%). 


Dynamic response is not limited by op amp slew rate. This 
is demonstrated 
by 
the 
dynamic 
response 
oscilloscope 
photographs 
showing 
virtually 
identical 
large-signal 
and 
small-signal 
response. 


Dynamic response will vary with feedback resistor value as 
shown 
in the typical 
performance 
curve "Voltage 
Output 
Responsivity 
vs Frequency." 
Rise time (10% to 90%) will 
vary according to the -3dB bandwidth 
produced 
by a given 
feedback 
resistor value- 


where: 
tR is the rise time (10% to 90%) 
fc is the -3dB 
bandwidth 


NOISE PERFORMANCE 


Noise performance 
of the 0PT202 
is determined 
by the op 
amp 
characteristics 
in conjunction 
with 
the 
feedback 
components 
and 
photodiode 
capacitance. 
The 
typical 
performance 
curve "Output Noise Voltage vs Measurement 
Bandwidth" shows how the noise varies with RF and measured 
bandwidth 
(I Hz to the indicated 
frequency). 
The 
signal 
bandwidth 
of the OPT202 is indicated on the curves. Noise 
can be reduced by filtering the output with a cutoff frequency 
equal to the signal bandwidth. 


Output noise increases in proportion to the square-root of the 
feedback 
resistance, 
while responsivity 
increases 
linearly 
with feedback 
resistance. 
So best signal-to-noise 
ratio is 
achieved 
with large feedback 
resistance. 
This comes with 
the trade-off of decreased 
bandwidth. 


The noise 
performance 
of a photodetector 
is sometimes 
characterized 
by Noise Effective 
Power (NEP). This is the 
radiant power which would produce an output signal equal 
to the noise 
level. 
NEP 
has the units of radiant 
power 
(watts). 
The typical 
performance 
curve 
"Noise 
Effective 
Power vs Measurement 
Bandwidth" 
shows how NEP varies 


with RF and measurement 
bandwidth. 
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Advantages: 
High gain with low resistor values. 
Less sensitive to circuit board leakage. 


Disadvantage: 
Higher offset and noise than by using high 
value for RF. 


Other application circuits can be seen in the 
OPT209 data sheet. 


C, 
IO.1~F 


FIGURE 8. DC Restoration 
Rejects Unwanted 
Steady-State 


Background 
Light. 
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Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document 
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PHOTODIODE 
WITH ON-CHIP AMPLIFIER 


• 
PHOTODIODE 
SIZE: 0.090 
X 0.090 inch 
(2.29 x 2.29mm) 


• 
1Mil 
FEEDBACK 
RESISTOR 


• 
HIGH RESPONSIVITY: 
0.45AIW (650nm) 


• 
LOW DARK 
ERRORS: 
2mV 


• 
BANDWIDTH: 
16kHz 


• 
WIDE SUPPLY 
RANGE: 
±2.25 to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
400lJA 


• 
TRANSPARENT 
8-PIN DIP 


• 
MEDICAL 
INSTRUMENTATION 


• 
LABORATORY 
INSTRUMENTATION 


• 
POSITION 
AND PROXIMITY 
SENSORS 


• 
PHOTOGRAPHIC 
ANALYZERS 


• 
SMOKE 
DETECTORS 


2 


lMn 
4 


10pF 


175n 
5 
Vo 


OPT209 


3 


--=- 
V+ 
V- 


The 0PT209 
is an opto-electronic 
integrated 
circuit 
containing 
a 
photodiode 
and 
trans impedance 
amplifier on a single dielectrically 
isolated chip. The 


transimpedance 
amplifier consists of a precision FET- 
input op amp and an on-chip metal film resistor. The 
0.09 x 0.09 inch photodiode 
is operated at zero bias for 
excellent 
linearity and low dark current. 


The 
integrated 
combination 
of 
photodiode 
and 
transimpedance 
amplifier 
on a single chip eliminates 


the problems 
commonly 
encountered 
in discrete 
de- 
signs such as leakage current errors, noise pick-up and 
gain peaking due to stray capacitance. 


The OPT209 operates over a wide supply range (±2.25 
to ±18V) 
and supply 
current 
is only 400~. 
It is 


packaged in a transparent 
plastic 8-pin DIP, specified 
for the ooe to 700e 
temperature 
range. 


0.5 
0.5 I 
~ 
~ 
0.4 
0.4 
2:- 
:~ 
" 
0 
% 0.3 
0.3 


0- 
:il 
0 
II: 
" 
" 


0> 0.2 
0.2 
-0 
.!l! 
0 


"5 
'6 
> 
~ 
0.1 
0.1 
Q. 
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TA = +25·C, Vs = ±15V, l.. 650nm, internal1MQ 
feedback 
resistor, unless otherwise 
noted. 


OPT209P 


PARAMETER 
CONOITIONS 
MIN 
TYP 
MAX 
UNITS 


RESPONSIVITY 
Photodiode 
Current 
650nm 
0.45 
AIW 
Voltage Output 
650nm 
0.45 
V1~W 


vs Temperature 
100 
ppmrc 


Unit·to·Unit 
Variation 
650nm 
±5 
0/0 


Nonlinearity<l) 
FS Output = 10V 
0.01 
%of 
FS 
Photodiode 
Area 
(0.090 x O.OOOin) 
0.008 
in2 


(2.29 x 2.29mm) 
5.2 
mm2 


DARK ERRORS, 
RT()(2) 


Offset Voltage, Output 
±O.5 
±2 
mV 
vs Temperature 
±10 
~VI"C 
vs Power Supply 
Vs = ±2.25V to ±18V 
10 
100 
~VN 


Voltage Noise 
Measured 
BW = 0.1 to 100kHz 
350 
IlVrms 


RESISTOR-1MQ 
Internal 
Resistance 
I 
Mn 


Tolerance 
±O.5 
±2 
% 
vs Temperature 
50 
ppml·C 


FREQUENCY 
RESPONSE 
Q) 
Bandwidth, 
Large or Small-Signal, 
-JdB 
16 
kHz 
0 


Rise Time, 10% to 90% 
22 
~s 
N 
Settling Time, 1% 
FS to Dark 
60 
~s 
I- 


0.1% 
FS to Dark 
85 
~s 
0. 
0.01% 
FS to Dark 
100 
~s 
0 
Overload 
Recovery Time (to 1%) 
100% Overdrive, Vs "" ±15V 
44 
~s 
100% Overdrive, Vs = ±SV 
100 
~s 


100% Overdrive, Vs:: 
±2.25V 
240 
~s 


OUTPUT 
Voltage Output 
RL = 10ka 
(V+) -1.25 
(V+) -1 
V 
RL = 5ka 
(V+) -2 
(V+) -1.5 
V 
Capacitive 
Load. Stable Operation 
1 
nF 
tJ) 


Short-Circuit 
Current 
±18 
mA 
a: 


POWER SUPPLY 
0 
Specffied Operating 
Voltage 
±15 
V 
tJ) 
Operating 
Voltage Range 
±2.25 
±18 
V 
Z 
Quiescent 
Current 
Vo = 0 
±400 
±500 
~ 
W 


TEMPERATURE 
RANGE 
tJ) 
Specification, 
Operating 
0 
+70 
·C 
Storage 
-25 
+85 
·C 
-oJ 


Thermal 
Resistance, 
8JA 
100 
·CIW 
<C 


NOTES: (1) Deviation in percent of full scale from best-fit straight line. (2) Referred to Output. Includes all error sources. 
0 
~0. 


PHOTODIODE SPECIFICATIONS 
0 


TA :: +25OC, 
unless otherwise 
noted. 


Photodiode 
01 OPT209 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Photodiode 
Area 
(0.090 x 0.0901n) 
0.008 
in2 


(2.29 x 2.29mm) 
5.1 
mm2 


Current Responsivity 
650nm 
0.45 
AIW 


Dark Current 
Va = OW) 
500 
fA 


V$ Temperature 
doubles every I O·C 
Capacitance 
Va = OV(1) 
600 
pF 
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SPECIFICATIONS 
(CONT) 


OPT209 Op Amp 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage 
±O.5 
mV 


V$ Temperature 
±5 
~vrc 


vs Power Supply 
Vs =±2.25V 
to ±18V 
10 
~VN 
Input Bias Current 
1 
pA 
vs Temperature 
doubles 
every 1DOC 


NOISE 
Input Vottage Noise 
nVl.JHz 
Vottage Noise Densi1y, f:l0Hz 
30 
f:l00Hz 
25 
nVl.JHz 


f=lkHz 
15 
nVl.JHz 


Current Noise Density, f:.lkHz 
J 
0.8 
w.JHz 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range 
±14.4 
V 
Common-Mode 
Rejection 
106 
dB 


INPUT IMPEDANCE 
Differential 
1012113 
nllpF 
Common-Mode 
1012113 
nllpF 


OPEN·LOOP 
GAIN 
Open-Loop 
Voltage Gain 
120 
dB 


FREQUENCY 
RESPONSE 


Gain-Bandwidth 
Product 
4 
MHz 
Slew Rate 
6 
VI~s 
settling TIme 0.1 % 
4 
~ 


0.01% 
I 
5 
~ 


OUTPUT 
Vottage OUlput 
RL-10kn 
(V+) -1.25 
(V+)-l 
V 


RL- 
5kn 
(V+)-2 
(V+)-1.5 
V 
Short-Circuit 
Current 
±18 
mA 


POWER SUPPLY 
Specified Operating Voltage 
±15 
V 
Operating Voltage Range 
±2.25 
±18 
V 
Quiescent Current 
10:0 
±400 
±500 
~ 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap-. 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 


Photodiode 
Area 
0.090 x 0.090 inch 
2.29 x 2.2~1mm 


~--I 


: 
11) 
I 
~__I 


Supply Voltage 
±1BV 
Input Voltage Range (Common Pin) 
. 
±VS 
Output Short-Circuit 
(to ground) 
. 
Continuous 
Operating Temperature 
-25°C to +85°C 
Storage Temperature._ 
. 
. 
-25°C to +85°C 
Junction Temperature 
. 
+85°C 
Lead Temperature 
(soldering, 
10s) .._ 
.. +300°C 
(Vapor-Phase 
Soldering Not Recommended) 


P/ICKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(1) 


OPT209P 
B-Pin DIP 
006-1 


BURR - BROWNe 
'1::11:3' 
Burr-Brown Ie Data Book-Linear 
Products 


PAD 
FUNCTION 


1 
V+ 
2 
-In 


3 
V- 
4 
1MQ Feedback 


5 
Output 
6 
NC 


7 
NC 
BA, B8 
Common 


NC: No Connection. 
Pads BA and B8 must both be con- 
nected to common. Substrate Bias: The substrate is electri- 
cally connected to internal circuitry. Do not make electrical 
connection 
to the substrate. 


MilS 
(0.001 ") 
MilLIMETERS 


Die Size 
154 x 120 ±5 
3.91 x 3.05 ±0.13 
Die Thickness 
20±3 
0.51 ±O.OB 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
None 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


tP" 
MOISTURE SENSITIVITY 
~ 
AND SOLDERING 


Clear plastic does not contain the structural-enhancing 
fillers 


used in black plastic molding compound. 
As a result, clear 
plastic is more sensitive to environmental 
stress than black 
plastic. This can cause difficulties if devices have been stored 
in high humidity prior to soldering. The rapid heating during 
soldering 
can stress wire bonds and cause failures. Prior to 
soldering, 
it is recommended 
that devices be baked-out 
at 
85°C for 24 hours. 


The fire-retardant 
fillers used in black plastic are not compat- 
ible with clear molding compound. The 0PT209 
cannot meet 
flammability 
test, UL-94. 


BURR - BROWN® 
IElElI 


MONOLITHIC 
PHOTODIODE 
AND AMPLIFIER 
300kHz Bandwidth 
at RF = 1MQ 


• 
BOOTSTRAP 
ANODE 
DRIVE: 
Extends 
Bandwidth: 
900kHz 
(RF = 100KQ) 
Reduces 
Noise 


• 
LARGE 
PHOTODIODE: 
0.09" 
x 0.09" 


• 
HIGH RESPONSIVITY: 
0.45AIW (650nm) 


• 
EXCELLENT 
SPECTRAL 
RESPONSE 


• 
WIDE SUPPLY 
RANGE: 
±2.25 to ±18V 


• 
TRANSPARENT 
DIP, SIP AND SURFACE- 
MOUNT 
PACKAGES 


• 
BARCODE 
SCANNERS 


• 
MEDICAL 
INSTRUMENTATION 


• 
LABORATORY 
INSTRUMENTATION 


• 
POSITION 
AND PROXIMITY 
DETECTORS 


• 
PARTICLE 
DETECTORS 


The OPT2lO 
is a photodetector 
consisting 
of a high 
performance 
silicon photodiode 
and precision 
PET- 
input transimpedance 
amplifier integrated 
on a single 
monolithic 
chip. Output is an analog voltage propor- 
tional to light intensity. 


The large 0.09" x 0.09" photodiode 
is operated at low 
bias voltage for low dark current and excellent linear- 
ity. A novel photodiode 
anode bootstrap 
circuit 
re- 
duces the effects of photodiode 
capacitance 
to extend 
bandwidth 
and reduces noise. 


The 
integrated 
combination 
of 
photodiode 
and 
transimpedance 
amplifier 
on a single chip eliminates 
the problems 
commonly 
encountered 
with discrete 
designs such as leakage current errors, noise pick-up 
and gain peaking due to stray capacitance. 


The OPT210 
operates 
from ±2.25 to ±18V supplies 
and quiescent 
current 
is only 2mA. 
Available 
in a 
transparent 
8-pin DIP, 8-1ead surface-mount 
and 5-pin 
SIP, it is specified 
for 0° to 70°C operation. 


0.5 
0.5 i 
~ 
~ 
0.4 
0.4 ;,. 


5 
:~ 


(5) 
Vo 
~ 
~ 
:; 
0.3 
0.3 
0 
" 
II: 
" 
" 
NO.2 
0.2 ~ 
(5 
~ 
> 
0.1 
0.1 '" 


Q. 


V- 


DIP Pins 
(SIP Pins) 
o 
0 
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200 
300 
400 
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600 
700 
BOO 900 
1000 1100 


Wavelength 
(nm) 
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SPECIFICATIONS 


OPT210P 
OPT210W 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESPONSIVITY 
Photodiode 
Current 
A = 650nm 
0.45 
AIW 
Unit-la-Unit 
Variation 
±5 
% 


Vonage Output 
A = 650nm, External RF = 1MQ 
0.45 
V/JJ.W 
Nonlinearity 
0.01 
%ot 
FS 
Photodiode 
Area 
(0.09 x 0.09in) 
0.008 
in2 


(2.29 x 2.29mm) 
5.2 
mm2 


DARK ERROR, 
RTO 


Offset Voltage 
±2 
±10 
mV 
vs Temperature 
±35 
JJ.V/·C 


vs Power Supply 
Vs = ±2.25V to ±18V 
100 
1000 
JJ.VN 


Voltage Noise 
BW = 0.01 Hz to 100kHz 
160 
J.Nrms 


FREQUENCY 
RESPONSE 


Bandwidth 
External RF = 1Mn 
300 
kHz 


Rise Time 
10% to 90% 
1.2 
JJ.s 
Settling Time, 1% 
FS to Dark slep 
3 
JJ.s 
0.1% 
8 
JJ.s 
0.01% 
20 
JJ.s 
Overload 
Recovery 
100% Overdrive 
7 
JJ.s 


OUTPUT 
Voltage Output, Positive 
RL = 10kO 
(V+)-1.25 
(V+)-O.75 
V 


Positive 
RL= 
5kO 
(V+)-1 
Negative(1) 
RL = 10kO 
-0.4 
-0.5 
V 


Capacitive 
Load, Stable Operation 
500 
pF 
Short-Circuit 
Current<2) 
+50 
mA 


POWER SUPPLY 
Operating 
Range 
±2.25 
±18 
V 


Quiescent 
Current 
+2.0/-1.7 
±4 
mA 


TEMPERATURE 
RANGE 


Specification 
0 
70 
·C 


Operating 
0 
70 
·C 


Storage 
-25 
85 
·C 


8JA 
100 
·CIW 


NOTES: (1) Output typically swings to O.5V below the voltage applied to the non-inverting 
input terminal, which is normally connected to ground. (2) Positive 
current (sourcing) is limited. Negative current (sinking) is nat limited. 


PHOTO DIODE 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Photodiode 
Area 
(0.09 x 0.09in) 
0.008 
in2 


(2.29 x 2.29mm) 
5.2 
mm2 


Current Respansivity 
A = 650nm 
0.45 
AIW 
865 
JJ.AlW/cm2 


Dark Current 
Vo = -1.2V 
70 
pA 
vs Temperature 
Doubles every 10°C 
Capacitance 
Vo = -1.2V 
550 
pF 
Effective Capacitance(l) 
Vo = -1.2V 
10 
pF 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR·BROWN 
assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR· BROWN does not authorize arwarrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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OP AMP SPECIFICATIONS 


OPAMP 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage 
±2 
mV 
vs Temperature 
±35 
~VI"C 


vs Power Supply 
100 
~VN 


Input Bias Current 
Inverting Input 
15 
pA 


vs Temperature 
Doubles every 1DoC 
Non-inverting 
Input 
300 
~ 


NOISE 
Voltage Noise 
nV/,JHz 
1= 10Hz 
20 


f.1OOHz 
9 
nVl,JHz 


f = 1kHz 
6 
nV/,JHz 


Current Noise Density, Inverting Input 
BW = 0.01 Hz to 100kHz 
0.8 
fN,JHz 


INPUT VOLTAGE 
RANGE 


Common-Mode 
Input Range(1) 
Vs±2.25 
V 
Common-Mode 
Rejection 
65 
dB 


INPUT IMPEDANCE 
Inverting Input Impedance 
3x10,ol13 
nil pF 
Non-Inverting 
Input Impedance 
250 
kfl 


OPEN-LOOP 
GAIN 
Open-Loop 
Voltage Gain 
Vo =OVto+13.75V 
70 
dB 


FREQUENCY 
RESPONSE 
Bandwidth, Small Signal 
35 
MHz 
Rise TIme, Large Signal 
10%1090% 
25 
ns 


settling 
Time, 
1% 
10V step 
240 
ns 


0.1% 
390 
ns 
0.01% 
800 
ns 
Overload Recovery 
100% Overdrive 
7 
~s 


OUTPUT 
Voltage Output, Positive 
RL·10kfl 
(V+)-1.25 
(V+)-O.75 
V 
Positive 
RL• 
5kfl 
(V+)-1 
Negative(') 
RL= 
10kfl 
-0.4 
-0.5 
V 
Capacitive 
Load. Stable Operation 
500 
pF 
Short-Circuit 
Current(2) 
+50 
mA 


POWER SUPPLY 
Operating Voltage 
±2.25 
±18 
V 
Quiescent Current 
+1.7/-1.4 
±4 
mA 


BUFFER 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage(1) 
-1.2 
V 


Input Bias Current 
15 
pA 
vs Temperature 
Doubles every 1DOC 
Input Impedance 
10"113 
n IIpF 


FREQUENCY 
RESPONSE 
Bandwidth, Small Signal 
500 
MHz 


OUTPUT 
Current 
±2oo 
~ 
Vohage Gain 
0.99 
VN 


POWER SUPPLY 
Operating 
Range 
±2.25 
±18 
V 
Quiescent Current 
±O.3 
mA 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products 
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Photo diode Area 
0.09 )( 0.09 inch 
2.29 x 2.29 mm 


8] 
Common 


7] 
NC 


6] 
NC 


S ] Output 


.---'1 


: (1) 
: 
___ 
oJ 


V+ 


-In 


V- 
4 


Output 
S 


.---' 


: 
(1) 
: 
___ 
oJ 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage 
. 
±1SV 
Input Voltage Range (Common Pin) 
±Vs 


Output Short-Circuit 
(to ground) 
Continuous 
Operating Temperature: 
P, W 
-25°C 
to +85°C 
Storage Temperature: 
P, W 
. 
-2S·C to +SS·C 
Junction Temperature: 
P, W 
_ 
+85°C 
Lead Temperature 
(soldering, 
10s) 
+300·C 
(Vapor-Phase 
Soldering Not Recommended 
on P,astic Packages) 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(l) 


OPT210P 
S-Pin Piastic DiP 
006-S 
OPT210P-J 
a-Lead 
Sul1ace 
Mountc2) 
006-6 
OPT210W 
5-Pin Plastic SIP 
321-1 


NOTE: (1) For detailed drawing and dimension table, piease see end of data 
sheet, or AppendiX C of Burr-Brown 
IC Data Book. (2) S-pin DIP with leads 
formed for surface mounting. 


PAD 
FUNCTION 


1 
V+ 
2 
-In 
3 
V- 
S 
Output 
S 
Common 


Substrate 
Bias: The substrate 
is electrically 
connected 
to 
internal circuitry. Do not make electrical connection 
to the 


substrate. 


MILS (0.001") 
MILLIMETERS 


Die Size 
l4Sxl04±S 
3.76 x 2.64±0.13 
Die Thickness 
20±3 
O.SI ±O.OS 
Min. Pad Size 
4x4 
0.1 X 0.1 


Backing 
None 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap-. 
propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 
specifications. 
tP" 
MOISTURE SENSITIVITY 


~ 
AND SOLDERING 


Clear plastic does not contain the structural-enhancing 
fillers 


used in black plastic molding compound. 
As a result, clear 
plastic is more sensitive to environmental 
stress than black 
plastic. This can cause difficulties if devices have been stored 
in high humidity prior to soldering. The rapid heating during 
soldering can stress wire bonds and cause failures. Prior to 
soldering, it is recommended 
that plastic devices be baked-out 


at 85°C for 24 hours. 


The fire-retardant 
fillers used in black plastic are not compat- 
ible with clear molding 
compound. 
The OPT21O plastic 
packages cannot meet flammability 
test, UL-94. 
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TYPICAL PERFORMANCE CURVES (CONT) 


-' 
Vs = ±151/ [------J~__--- 


10-' 


10-8 


[ 
10-' 


I;;~ 
0 
10-to 
a. 
~ 
~ 
:l= 
10-11 
W~ 
·0 
Z 
1()"-12 


10-13 


10-14 


Dashed 
lines indicate 
I 
11./ 


noise measured 
beyond 
j 
l,,(J •.•. 
the signal bandwidth. 
/...650nm 
V/l'! 


- 


:.!7 


I:;; 


RF= 
1MQ 


RF·10MQ 
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APPLICATIONS INFORMATION 


Basic operation of the OPT2lO is shown in Figure 1. Power 
supply 
bypass 
capacitors 
should 
be connected 
near 
the 
device pins as shown. Noise performance 
of the OPT2lO can 
be degraded 
by the high frequency 
noise 
on the power 
supplies. Resistors 
in series with the power supply pins as 
shown can be used (optional) 
to help filter power supply 
noise 


An external feedback resistor, RF, is connected 
from -In to 
the V0 terminal as shown in Figure I. Feedback resistors of 
IMn 
or less require parallel capacitor, 
CF. See the table of 
values in Figure 1. 


(paracitic 
capacitance) 
1-1~-r-lh 
I 
I 
I 
~ 


For RF> 2MO, 


use series·connectect 


/ 
resistors. 
See text. 


Vo 


(OV to 14V) 


lOOO 


Optional 
series 
resistors 
filter / 
power supply noise. See text. 
-15V 


RF 
CF(mln) 
BANDWIDTH 


10MO 
(1) 
70kHz 
lMO 
O.5pF 
300kHz 
100kn 
1.8pF 
900kHz 
10kn 
10pF 
1.6MHz 
1kn 
20pF 
1.6MHz 


Bandwidth 
varies with feedback 
resistor value. To achieve 
widest bandwidth 
with resistors greater than IMn, 
use care 
to minimize 
parasitic 
parallel 
capacitance. 
For 
widest 
bandwidth 
with resistors 
greater 
than 2Mn, 
connect 
two 
resistors 
(RFI2) in series. 
Airwiring 
this interconnection 


provides lowest capacitance. 
Although the 0PT21 0 is usable 
with 
feedback 
resistors 
of 
IOOMn 
and 
higher, 
with 


RF ~ lOMn the model 0PT211 
will provide lower dc errors 
and reduced noise. 


The 0PT21 0' s output voltage is the product of the photodiode 
current times the external feedback resistor, RF. Photodiode 
cuirent, 
In, is proportional 
to the radiant power or flux (in 
watts) falling on the photodiode. 
At a wavelength 
of 6S0nm 


(visible red) the photodiode Responsivity, RIois approximately 
0.45AfW. 
Responsivity 
at other wavelengths 
is shown in the 
typical performance 
curve "Responsivity 
vs Wavelength." 


The typical performance 
curve "Output Voltage vs Radiant 
Power" 
shows 
the response 
throughout 
a wide range 
of 
radiant power and feedback 
resistor 
values. The response 
curve 
"Output 
Voltage 
vs Irradiance" 
is based 
on the 
photodiode 
area of S.23x I()-6m2 


BOOTSTRAP 
BUFFER 


The photodiode's 
anode is driven by an internal high speed 
voltage 
buffer 
shown 
in Figure 
1. This variation 
on the 
classical transimpedance 
amplifier circuit reduces the effects 
of 
photodiode 
capacitance. 
The 
effective 
photodiode 
capacitance 
is reduced 
from approximately 
SSOpF to lOpF 
with this bootstrap drive technique. This improves bandwidth 
and reduces noise. 


The output 
voltage 
of the buffer 
is offset 
approximately 
1.2V below the input. This reverse biases the photodiode 
for 
reduced capacitance. 


OP AMP 


A special op amp design is used to achieve wide bandwidth. 
The op amp output voltage cannot swing lower than O.SV 
below 
the non-inverting 
input voltage. 
Since photodiode 
current always produces a positive output voltage, this does 
not limit the required output swing. 


The inverting 
input is designed 
for very low input 
bias 
current-approximately 
ISpA. The non-inverting 
input has 
much larger bias current-approximately 
300IlA flows out 
of this terminal. 


5 


(5) 


Output 
Yoltage 
offset by VA 


An offset 
voltage 
can be connected 
to the non-inverting 
input as shown in Figure 2. A voltage applied to the non- 
inverting 
input is summed 
at the output. Because 
the noo- 
inverting input bias current is high (approximately 
300!1A), 


it should be driven by a low impedance 
such as the buffer- 
connected 
op amp shown. 


The OPT2IO 
can be connected 
to operate 
from a single 
power supply as shown in Figure 3. The non-inverting 
input 
bias current flows through a zener diode to provide a bias 
voltage. The output voltage is referenced 
to this bias point. 


Vomeasured 
relative to 5.6V 
zener 
voltage. 
5 
(5) 
Vo 


I 
I'(5.6V) 


(4)~ 


DARK ERRORS 


The dark errors in the specification 
table include all sources 
with RF = IMil. 
The dominant 
error source is the input 
offset voltage 
of the op amp. Photodiode 
dark current 
is 
approximately 
70pA and the combined input bias current of 
the op amp and buffer is approximately 
3OpA. Photodiode 
dark 
current 
and input 
bias current 
total 
approximately 
l00pA 
at 25°C and double for each IOoC above 25°C. At 
70°C, the total error current 
is approximately 
2nA. With 
RF = IMil, 
this would produce 
a 2mV offset voltage 
in 
addition to the initial amplifier offset voltage (IOmV max) 
at 25°C. The dark output voltage can bl: trimmed 
to zero 
with the optional circuit shown in Figum 2. 


LIGHT SOURCE 
POSITIONING 


The OPT2IO 
is tested with a light source that uniformly 
illuminates 
the full integrated 
circuit area, including 
the op 
amp. Although 
all IC amplifiers 
are light sensitive to some 
degree, the 0PT21 0 op amp circuitry is designed to minimize 
this effect. Sensitive junctions are shielded with metal where 
possible. 
Furthermore, 
the photodiode 
area is very large 
compared 
to the op amp circuitry 
making 
these 
effects 
negligible. 


If your light source is focused to a small area, be sure that 
it is properly aimed to fallon 
the photodiode. 
If a narrowly 
focused light source were to miss the photodiode 
and fall on 
the op amp circuitry, the OPT21O would not perform properly. 
The large photodiode 
area is clearly visible as a very dark 
area slightly offset from the center of the IC. 


The 
incident 
angle 
of the 
light 
source 
also affects 
the 
apparent sensitivity in uniform irradiance. For small incident 
angles, the loss in sensitivity is due to the smaller effective 
light gathering 
area of the photodiode 
(proportional 
to the 


cosine of the incident 
angle). At a greater 
incident 
angle, 


light is diffused by the side of the package. These effects are 
shown 
in the typical 
performance 
curve, 
"Response 
vs 


Incident Angle." 


Photodiode 
current 
is very 
linear 
with 
radiant 
power 
throughout 
its 
range. 
Nonlinearity 
remains 
below 
approximately 
0.01 % up to 200l!A. The anode buffer drive, 


however, is limited to approximately 
200l!A. This produces 


an abrupt limit to photodiode 
output current 
when radiant 
power reaches approximately 
450l!W. 


Best linearity 
is achieved 
with the photodiode 
uniformly 
illuminated. 
A light source focused to a very small beam, 
illuminating 
only a small percentage 
of the photodiode 
area, 


may produce a higher nonlinearity. 


Noise performance 
of the OPT21O is determined 
by the op 
amp 
characteristics 
in conjunction 
with 
the 
feedback 
components, photodiode capacitance, and buffer performance. 
The typical performance 
curve "Output 
Noise Voltage 
vs 
Measurement 
Bandwidth" 
shows how the noise varies with 
RF and 
measured 
bandwidth 
(O.IHz 
to 
the 
indicated 
frequency). The signal bandwidth of the OPT21O is indicated 
on the curves. Noise can be reduced by filtering the output 
6 


with a cutoff frequency 
equal to the signal bandwidth. 


Output noise increases in proportion to the square-root of the 
feedback 
resistance, 
while responsivity 
increases 
linearly 
with feedback 
resistance. 
So best signal-to-noise 
ratio 
is 
achieved 
with large feedback 
resistance. 
This comes with 
the trade-off of decreased 
bandwidth. 


The 
noise 
performance 
of a photodetector 
is sometimes 
characterized 
by Noise Effective 
Power (NEP). This is the 
radiant power which would produce an output signal equal 
to the noise 
level. 
NEP 
has the units of radiant 
power 
(watts), or Wattsl..JHZ to convey spectral information 
about 
the noise. The typical 
performance 
curve 
"Output 
Noise 
Voltage vs Measurement 
Bandwidth" 
is also scaled for NEP 
on the right-hand 
side. 
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• 
WIDE BANDWIDTH, 
HIGH RESPONSIVITY: 


RF 
BANDWIDTH 


1Mn 
50kHz 
"150kHz 
100Mn 
5kHz 
"13kHz 


• 
PHOTODIODE 
SIZE: 0.090 x 0.090 inch 
(2.29 x 2.29mm) 


• 
HIGH RESPONSIVITY: 
0.45A/W (650nm) 


• 
LOW DARK 
ERRORS: 
2mV max 


• 
EXCELLENT 
SPECTRAL 
RESPONSE 


• 
LOW QUIESCENT 
CURRENT: 
400~ 


• 
TRANSPARENT 
a-PIN DIP 


• 
MEDICAL 
INSTRUMENTATION 


• 
LABORATORY 
INSTRUMENTATION 


• 
POSITION 
AND PROXIMITY 
SENSORS 


• 
PHOTOGRAPHIC 
ANALYZERS 


• 
BARCODE 
SCANNERS 


• 
SMOKE 
DETECTORS 


The 0PT211 
is a monolithic 
photodiode 
with on-chip 
FET-input 
transpedance 
amplifier, 
that provides wide 
bandwidth 
at very high gains. Uncommitted 
input and 
feedback nodes allow a variety of feedback options for 
maximum versatility. Trade-offs in responsivity 
(gain), 


bandwidth 
and SNR can easily be made. 


The 
monolithic 
combination 
of 
photo diode 
and 
transimpedance 
amplifier 
on a single chip eliminates 
the problems 
commonly 
encountered 
in discrete 
de- 
signs such as leakage current errors, noise pickup and 
gain peaking due to stray capacitance. 
The 0.09 x 0.09 
inch photodiode 
is operated at zero bias for excellent 


linearity 
and low dark current. 
Direct access 
to the 
detector's 
anode 
allows 
photodiode 
bootstrapping, 


which increases 
speed performance. 


The 0PT211 operates over a wide supply range (±2.25V 
to ±18V) 
and supply 
current 
is only 
4001JA. 
It is 
packaged 
in a transparent 
plastic 8-pin DIP specified 
for the O°C to 70°C temperature 
range. 


~ 
05 
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(nm) 


BURR-BROWNe 
IElElI 


OPT211P 


PARAMETER 
CONDITIONS 
MIN 
TYP 


RESPONSIVITY 
Photodiode 
Current 
650nm 
0.45 


Unit-la-Unit 
Variation 
650nm 
±5 
Voltage Output 
l.. 
650nm, RF• 
1MQ 
0.45 
Nonlinearity 
0.01 
Photodiode 
Area 
(0.090 x 0.090 inches) 
0.008 


(2.29 x 2.29mm) 
5.2 


DARK ERRORS, 
RTO(l) 
Offset Voltage, Output 
±D.5 


vs Temperature 
±10 


vs Power Supply 
Vs' 
±2.25V to ±18V 
10 
Voltage Noise, Dark 
Dark, fa : 0.1 Hz to 100kHz 
1 


FREQUENCY 
RESPONSE 
Bandwidth 
Anode Grounded(2) 
50 
Anode Bootstrapped(') 
150 
Rise Time, 10% to 90%, RF "" 1Mil 
Anode Grounded(2j 
5 
Anode Bootstrapped(') 
2 
Settling Time, FS to Dark 
Anode Grounded(2) 


1% 
10 
0.1% 
25 
0.01% 
30 
100% Overload 
Recovery Time 
FS to Dark (to 1%) 
44 
Vs = ±5V 
100 
Vs' 
±2.25V 
240 


OUTPUT 
Voltage Output 
RL·10kU 
(V+) -1.25 
(V+) -1 
RL = 5kU 
(V+) - 2 
(V+) -1.5 
Capacitive 
Load, Stable Operation(4) 
250 
Short·Circuit 
Current 
±18 


POWER SUPPLY 
Operating 
Voltage Range 
±2.25 
±15 
Quiescent 
Current 
Vour = OV 
±400 


TEMPERATURE 
RANGE 
Specification 
0 
Operating 
0 
Storage 
-25 
Thermal 
Resistance. 
6JA 
100 


AIW 
% 


V/IlW 


%01 FS 


in2 


mm2 


mV 
IlV/"C 
IlVN 
mVrms 


Photodlode 
of OPT211 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Photodiode 
Area 
(0.090 x 0.090 inches) 
0.008 
in2 


(2.29 x 2.29mm) 
5.2 
mm2 


Current Responsivity 
l..650nm 
0.45 
AIW 
865 
IJ.AIW/cm2 


Dark Current 
Vo = OV 
500 
fA 


vs Temperature 
doubles 
every 
1DOC 
Capacitance 
Vo = OV 
600 
pF 


The information provided herein is believed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracies oromissions. 
BURR· BROWN assumes 


no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are sUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR· BROWN does not authorize or warrant 
any BURR-BROWN 
product for use in life support d(lVices and/or systems. 
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OP AMP SPECIFICATIONS 


0PT211 
Op Ampl') 


PARAMETER 
CONomONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage 
±O.5 
mV 
vs Temperature 
±5 
IlV'·C 
vs Power Supply 
Vs :±2.25V 
to ±18V 
10 
IlVN 
Input Bias Current 
±1 
pA 
vs Temperature 
doubles every 10·C 
Input Impedance 
Differential 
10,z1l3 
nllpF 
Common·Mode 
10'Z1l3 
nil 
pF 
Common-Mode 
Input Voltage Range 
Linear Operation 
±14.4 
V 
Common-Mode 
Rejection 
106 
dB 


NOISE 
Vonage Noise Density 
f: 
10Hz 
30 
, 
nVl.JHz 


f: 
100Hz 
25 
nVl.JHz 


f: 
1kHz 
15 
nVt.JHz 


Current 
Noise 
Density 
f= 1kHz 
0.8 
fAl.JHz 


OPEN-LOOP 
GAIN 
Open-Loop 
Vonage Gain 
_. 
120 
dB 


FREQUENCY 
RESPONSE 
Gain-Bandwidth 
Product<2) 
16 
MHz 
Slew Rate 
6 
VlIlS 
Settling Time 
0.1% 
4 
IlS 
0.01% 
5 
IlS 


OUTPUT 
Vonage Output 
RL = 10kn 
(V+)-1.25 
(V+)-1 
V 


RL=5kn 
(V+)-2 
(V+)-1.5 
V 


Short·Circuit 
Current 
±18 
mA 


POWER SUPPLY 
Operating Vonage Range 
±2.25 
±15 
±18 
V 
Quiescent 
Current 
10: OmA 
±400 
±500 
IlA 
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This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap-. 


propriate precautions. Failure to observe proper handling and 
installation procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device 
not to meet its published 


specifications. 


PAD 
FUNCTION 


1 
V+ 
2 
-In 
3 
V- 
4 
NC 
5 
Voor 
I 


6 
NC 
7 
PDAnode 


8A,8B 
Common 
Photodiode 
Area 


0.090 x 0.090 inch 


2.29 x 2.29 mm 


MilS 
(0.001") 
MilLIMETERS 


Die Size 
154 x 120 
3.91 x 3.05 


Die Thickness 
18 
0.46 


Min. Pad Size 
4x4 
0.1 xO.l 


Backing 
None 


A 
ELECTROSTATIC 
J.l1it;;,. DISCHARGE SENSITIVITY 


Supply Voltage.. 
.. 
±18V 
Input Voltage Range 
±Vs 


Output Short-Circuit 
(to ground) 
Continuous 
Operating Temperature 
-25°C 
to +85DC 
Storage Temperature 
-25°C 
to +85°C 
Junction Temperature 
. 
_. +85°C 
Lead Temperature 
(soldering, 
105) 
+300°C 


(Vapor-Phase 
Soldering Not Recommended) 


I}i\ MOISTURE SENSITIVITY 
~ 
AND SOLDERING 


Clear plastic does not contain the structural-enhancing 
fillers 


used in black plastic molding compound. 
As a result, clear 
plastic is more sensitive to environmental 
stress than black 
plastic. This can cause difficulties if devices have been stored 
in high humidity prior to soldering. The rapid heating during 
soldering can stress wire bonds and cause failures. Prior to 
soldering, it is recommended 
that plastic devices be baked-out 
at +85°C for 24 hours. 


The fire-retardant 
fillers used in black plastic are not compat- 
ible with clear molding 
compound. 
The 0PT211 
plastic 
packages cannot meet flammability 
test, UL-94. 


MODEL 


OPT211P 


PACKAGE 
DRAWING 


NUMBERl') 


006-1 
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TYPICAL PERFORMANCE CURVES (CONT) 


-- 
OPT211 Anode 
Grounded 


- - - - OPT211 with Anode 


Bootstrap 
Drive 


100 
1k 
10k 


Frequency (Hz) 
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III 
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Total Noise 
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Indicated BW 
-- 
- 


OPT211 Anode 
Grounded 


- - - - 
OPT211 with Anode 
Bootstrap 
Drive 
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APPLICATIONS INFORMATION 


Figure I shows the basic connections 
required to operate the 
0PT211. 
Applications 
with high impedance 
power supplies 
may 
require 
decoupling 
capacitors 
located 
close 
to the 
device pins as shown in Figure 
I. 


RF 
eF 
BANDWIDTH 
(0) 
(pF) 
(kHz) 


330k 
5.6 
86 
1M 
3 
50 
10M 
1(1) 
16 
100M 
0.3(1) 
5 


NOTE: (1) Feedback resistor has approximately 
1pF stray 
capacitance. 
C~1 pF requires series-connected 
feedback 
resistors. 
See text. 


Output is zero volts with no light and increases with increas- 
ing illumination. 
Photodiode 
current is proportional 
to the 
radiant power (watts) falling in the photodiode. 
At 650nm 
wavelength 
(visible red) the photodiode 
responsivity 
is ap- 
proximately 
O.45A1W. Responsivity 
at other wavelengths 
is 
shown in the typical performance 
curve "Responsivity 
vs 
Wavelength." 


The 0PT211' 
s output voltage is the product of the photo- 
diode current 
and feedback 
resistor, 
(loR-F)' 
The feedback 
resistor must be greater than 330ill 
for proper stability. A 
feedback capacitor, 
CF, must be connected 
as shown. Rec- 
ommended 
values are shown in Figure 1. Capacitor 
values 
for other feedback resistances 
can be interpolated. 


The 0PT211 
provides excellent performance 
with very high 
feedback 
resistor 
values. To achieve maximum 
bandwidth 
with RF ~ 
IOMQ, good 
circuit 
layout 
is required. 
With 
careful circuit board layout and a IOMQ feedback resistor, 
stray capacitance 
will provide 
approximately 
the correct 
parallel 
capacitance 
for stable operation 
and widest band- 
width. 
For larger 
feedback 
resistor 
values, 
two resistors 


connected 
in series and laid-out end-to-end 
will reduce the 


stray 
capacitance 
to a few tenths 
of a picofarad. 
With 
experimentation, 
circuit board traces can be used to produce 
the necessary stray capacitance 
for proper compensation 
and 
widest possible bandwidth. 


The circuit 
in Figure 
I can drive capacitive 
loads 
up to 
25OpF. To drive load capacitance 
up to lnF, connect R1 and 
the feedback components 
as shown in Figure 2. 


Dark error specifications 
include all error sources 
and are 
tested with the circuit shown in Figure 
1 using RfFIMQ. 
The dominate dark error source is the input offset voltage of 
the internal op amp. The combination 
of photodiode 
dark 
current 
and op amp input bias current 
is approximately 
1.5pA at 25°C. Even with very large feedback resistors, this 
contributes 
virtually no offset error. Dark current and input 
bias current 
increase 
with temperature, 
doubling 
(approxi- 
mately) 
for each 
10°C increase. 
At 70°C, dark current 
is 
approximately 
35pA. This would produce 3.5m V offset with 
a lOOMQ feedback 
resistor. 


Circuit board leakage currents can increase dark error. Use 
clean assembly procedures 
to avoid contamination, 
particu- 
larly around the sensitive inverting input node (pin 2). Errors 
due to leakage current from the V+ supply (pin 1) can be 
eliminated 
by encircling 
the trace connecting 
to pin 2 with 
a guard trace connected 
to ground. 


Bandwidth 
of the 0PT211 
can be increased 
with the feed- 
back buffer circuits shown in Figure 3. Driving the anode of 
the photodiode 
(pin 7) in this manner reduces the effect of 
the photodiode's 
capacitance 
on signal 
bandwidth. 
This 
"bootstrap drive" circuit boosts bandwidth by approximately 
3x. Bandwidth 
achieved with various RF values is shown in 
Figure 2. When using a bootstrap buffer, RF must be greater 
or equal to IMQ for stable operation. 
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AC COUPLING 
r------;15v------: 
Bootstrap 


, 
I 
Buffer 
, 
' 


: 
R1: 
I 
7.5kQ 
I 
, 
' 
I 
01 
: 
: 
2N51161 
, 
, 
,,,,,, 


,,,, 
__-=-l.?~ 
J 
2 


(a) 
+15V 
-15V 


+15V 


From 


~ 


Pin 2 
From 
Pin 2 


R, 


6.8kO 
To Pin 7 
To Pin 7 


(b) 
(0) 
-15V 


330k 
Not Reoommelded 
1M 
1(') 
150 
10M 
<0.2(') 
42 
100M 
<0.2l') 
13 


NOTE: (1) Most resistors have approximalely 1pF stray 
capacitance. 
C~l 
pF requires 
series-eonnected 
feedback 
resistors. See text. 


Gate or base current of the buffer transistor 
flows through 
the feedback 
resistor, increasing 
the dark offset voltage. If 
dark errors are important, use a FET transistor with picoamp 
gate current. 
A P-channel 
FET is used to assure that the 
anode is at ground potential or slightly negative. 


If dark errors are not critical, an NPN Darlington 
transistor 
can be used for a buffer as shown in Figure 3b. A FET-input 
op amp connected as a buffer can be used as shown in Figure 
3c, but its noise may degrade circuit performance 
slightly. 
Bandwidth 
of the buffer should be 4MHz, minimum. 


Some applications 
are concerned only with sensing variation 
in light intensity. Simple capacitive coupling at the 0PT211 's 
output may be adequate. 
With large feedback 
resistors 
or 
bright ambient 
light, however, 
the 0PT211's 
output 
may 


saturate. 
The 
circuit 
in Figure 
4 can reject 
very 
bright 
ambient light, yet provide high AC gain for best signal-to- 
noise ratio. The output voltage is integrated 
and fed back to 
the inverting input through R3• This drives the average (dc) 
voltage at the output to zero. Application 
Bulletin AB-06l 
provides 
more details on this technique. 


f-3dB= 
~R,(2nRzCz) 


=16Hz 


This circuit 
also corrects 
output offset produced 
by input 
bias 
current 
of a buffer 
used 
to extend 
bandwidth. 
A 
Darlington transistor can be used for a bandwidth-enhancing 
bootstrap buffer in this circuit without creating offset error. 


Noise 
performance 
of the OPT2ll 
is shown 
in typical 
curves 
for various 
feedback 
resistor 
values. 
This 
curve 
specifies 
the total noise measured 
from 0.1 Hz to the indi- 
cated bandwidth. 
High frequency 
noise is reduced with the 
bootstrap 
transistor 
buffer circuits shown in Figure 
I. This 


effect is shown on the typical curve. 


Output 
noise 
of the 0PT211 
extends 
beyond 
the signal 
bandwidth, 
especially 
for high 
feedback 
resistor 
values. 


Signal-to-noise 
ratio 
can 
be 
improved 
by filtering 
the 
OPT2II's 
output to a bandwidth 
equal to the signal band- 


width-see 
Figure 5. 
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decreased 
bandwidth. 


The noise 
performance 
of a photodetector 
is sometimes 
characterized 
by its noise effective power (NEP). This is the 
radiant power which would produce an output signal equal 
to the output 
noise 
level. 
NEP 
has the units 
of radiant 
power (W). A NEP curve is provided. 


LIGHT SOURCE 
POSITIONING 


The OPT2ll 
is 100% tested with a light source that uniformly 
illuminates 
the full area of the integrated 
circuit, including 
the op amp. Although all Ie amplifiers are light-sensitive 
to 
some degree, the 0PT211 
op amp circuitry 
is designed 
to 
minimize 
this effect. Sensitive junctions 
are shielded 
with 
metal, and differential stages are cross-coupled. 
Furthermore, 
the photodiode 
area is very large relative to the op amp input 
circuitry making these effects negligible. 


If your light source is focused to a small area, be sure that 
it is properly aimed to fall on the photodiode. 
If a narrowly 
focused light source were to miss the photodiode 
area and 
fall only on the op amp circuitry, 
the 0PT211 
would not 
perform 
properly. 
The 
large 
(0.090 
inch 
x 0.090 
inch) 


u,su,," 
i)VU!\,..t;;;). 
J.llC 
Vl1ULOUlOOearea 
IS easIly vIsible 
as it 
appears 
very 
dark 
compared 
to the 
surrounding 
active 
circuitry. 


The 
incident 
angle 
of the light 
source 
also 
affects 
the 
apparent sensitivity in uniform irradiance. For small incident 
angles, the loss in sensitivity 
is simply due to the smaller 
effective light gathering area of the photodiode 
(proportional 
to the cosine of the angle). At a greater incident angle, light 
is diffracted and scattered by the side of the package. These 
effects 
are 
shown 
in 
the 
typical 
performance 
curve 
"Responsivity 
vs Incident Angle." 


The photodiode inside the 0PT211 
is designed to be operated 
in the photoconductive 
mode (VDIODE = OV) for very linear 
operation 
with 
radiant 
power 
throughout 
a wide 
range. 
Nonlinearity 
remains 
below 
approximately 
0.05% 
up to 
lOOj,lAphotodiode 
current. 


This very linear performance 
at high radiant power assumes 
that the full photodiode 
area is uniformly illuminated. 
If the 
light source is focused to a small area of the photodiode, 
nonlinearity 
will occur at lower radiant power. 


Sallen-Key 
2-Pole Butterworth 
f..•••• = 20kHz 


I 
I 
I 
I 
I 
~----------------------- 
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Call FaxLine 1-800-548-6133 
Request Document 
Number 11228 


INTEGRATED PHOTODIODE 
AND AMPLIFIER 


• 
PHOTODIODE 
SIZE: 0.090 
X 0.090 inch 
(2.29 x 2.29mm) 


• 
1Mil 
FEEDBACK 
RESISTOR 


• 
HIGH RESPONSIVITY: 
0.47AIW (650nm) 


• 
IMPROVED 
UV RESPONSE 


• 
LOW DARK 
ERRORS: 
2mV 


• 
BANDWIDTH: 
4kHz 


• 
WIDE SUPPLY 
RANGE: 
±2.25 to ±18V 


• 
LOW QUIESCENT 
CURRENT: 
400~ 


• 
HERMETIC 
TO-99 


• 
MEDICAL 
INSTRUMENTATION 


• 
LABORATORY 
INSTRUMENTATION 


• 
POSITION 
AND PROXIMITY 
SENSORS 


• 
PHOTOGRAPHIC 
ANAL YZEBS 


• 
SMOKE 
DETECTORS 


The OPT301 
is an opto-electronic 
integrated 
circuit 
containing 
a 
photodiode 
and 
transimpedance 
amplifier on a single dielectrically 
isolated chip. The 
transimpedance 
amplifier consists of a precision FET- 
input op amp and an on-chip metal film resistor. The 
0.09 x 0.09 inch photodiode is operated at zero bias for 
excellent 
linearity and low dark current. 


The 
integrated 
combination 
of 
photo diode 
and 
transimpedance 
amplifier 
on a single chip eliminates 
the problems 
commonly 
encountered 
in discrete 
de- 
signs such as leakage current errors, noise pick-up and 
gain peaking due to stray capacitance. 


The OPT301 operates over a wide supply range (±2.25 
to ±18V) 
and supply 
current 
is only 400J.l.A. It is 
packaged 
in a hermetic TO-99 metal package 
with a 
glass window, and is specified for the -40°C 
to 85°C 
temperature 
range. 
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SPECIFICATIONS 


OPT301M 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RESPONSIVITY 
Photodiode 
Current 
650nm 
0.47 
IVW 


Voltage Output 
- 


650nm 
0.47 
VlflW 


vs Temperature 
, 
200 
ppmf'C 


Unit-la-Unit 
Variation 
650nm 
±5 
% 


Nonlinearity<l) 
FS Output = 10V 
0.01 
%of 
FS 
Photodiode 
Area 
(0.090 x 0.090in) 
0.008 
in2 


(2.29 x 2.29mm) 
5.2 
mm2 


DARK 
ERRORS, 
RTO(2) 


Offset Voltage, Output 
±0.5 
±2 
mV 


vs Temperature 
±10 
flVrC 


vs Power Supply 
Vs = ±2.25V to ±18V 
10 
100 
flVN 


Voltage Noise 
Measured 
BW • 0.1 to 100kH2 
160 
~Vrms 


RESISTOR-1Mil 
Internal 


Resistance 
1 
Mil 


Tolerance 
±0.5 
±2 
% 


vs Temperature 
50 
ppml°C 


FREQUENCY 
RESPONSE 
.. - ~.- 


Bandwidth, 
Large or Small-Signal, 
-3dB 
4 
kH2 
- 
Rise Time. 10% to 90% 
90 
flS 
Settling Time, 1% 
FS to Dark 
240 
f1S 
0.1% 
FS to Dark 
350 
fls 
0.01% 
FS to Dark 
900 
flS 


Overload 
Recovery Time 
100% overdrive, 
Vs = ±15V 
240 
flS 


100% overdrive. 
Vs = ±5V 
SOO 
flS 


100% overdrive, 
Vs - ±2.25V 
1000 
f1S 


OUTPUT 
Voltage Output 
RL= 
10kQ 
(V+) -1.25 
(V+) - 0.65 
V 


RL = 5kQ 
(V+) - 2 
(V+) -1 
V 


Capacitive 
Load, Stable Operation 
10 
nF 


Short-Circuit 
Current 
±18 
mA 


POWER SUPPLY 
Specified Operating 
Voltage 
±15 
V 
Operating 
Voltage Range 
±2.25 
±18 
V 
Quiescent 
Current 
10 = 0 
±0.4 
±0.5 
mA 


TEMPERATURE 
RANGE 


Specification 
--40 
+85 
OC 


Operating/Storage 
-.55 
+125 
°c 
Thermal 
Resistance, 
6JA 
200 
°CIW 


Photodiode 
of OPT301 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Photodiode 
Area 
(0.090 x 0.090in) 
0.008 
in2 


(2.29 x 2.29mm) 
5.1 
mm2 


Current Responsivity 
650nm 
0.47 
IVW 
Dark Current 
Vo = oW) 
500 
fA 
vs Temperature 
doubles every 1aoc 
Capacitance 
Vo = OV!') 
4000 
pF 
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SPECIFICATIONS 
(CONT) 


ELECTRICAL 
Op 
Amp 
Section of OPT301(1) 


TA = +25DC. Vs = ±15V, unless otherwise 
noted. 


OPT301 Op Amp 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUT 
Offset Voltage 
±O.5 
mV 
vs Temperature 
±5 
j!V/"C 
vs Power Supply 
Vs = ±2.25V to ±18V 
10 
j!VN 
Input Bias Current 
1 
pA 


VB Temperature 
doubles every 1DoC 


NOISE 
Input Voltage Noise 
nV/-JHz 
Voltage Noise Density, 
f=10Hz 
30 
f=100Hz 
25 
nVi-JHz 


f=1kHz 
15 
nVi-JHz 


Current Noise Density. f=1kHz 
0.8 
fAl-JHz 


INPUT VOLTAGE 
RANGE 
Common-Mode 
Input Range 
±14.4 
V 
Common-Mode 
Rejection 
106 
dB 


INPUT IMPEDANCE 
Differential 
10"113 
nllpF 
Common-Mode 
10"113 
nllpF 


OPEN-LOOP 
GAIN 
Open-Loop 
Voltage Gain 
120 
dB 


FREQUENCY 
RESPONSE 
Gain-Bandwidth 
Product 
380 
kHz 
Slew Rate 
0.5 
Vlj!s 
Settling Time 
0.1% 
4 
j!S 
0.01% 
5 
j!s 


OUTPUT 
Voltage Oulput 
RL= 10kn 
(V+) -1.25 
(V+) - 0.65 
V 
RL= 5kn 
(V+)-2 
(V+)-1 
V 
Short-Circuit 
Current 
±18 
mA 


POWER SUPPLY 
Specified Operating Volfage 
±15 
V 
Operating Voltage Range 
±2.25 
±18 
V 
Quiescent Current 
10=0 
±O.4 
±O.5 
mA 


NOTE: (1) Op amp specifications 
provided for information and comparison 
only. 


Tne fn(ormat/on provided hereIn Is believed to De reliable; nowavsr, BURR-BROWN 
assumes no responsIbility for Inaccuracies or omissions. BUAA·BAOWN 
assumes 
no responsibility for the use of this information. and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are sUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
prodUct for use in life support devices and/or systems. 


BURR· BROWNe 
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Supply Voltage.. 
. 
±18V 
Input Voltage Range (Common Pin) 
±VS 


Output Short·Circuit 
(to ground) 
Continuous 
Operating Temperature 
. 
-55°C to +125QC 
Storage Temperature 
-55°C to +125°C 


Junction Temperature 
.. 
. 
+125°C 
lead Temperature 
(soldering, 
10s) 
+300°C 


PAD 
FUNCTION 


1 
V+ 


2 
-In 
3 
V- 


4 
lMflFeedbacl< 


5 
Output 


6 
NC 
7 
NC 
8A,88 
Common 


NC: No Connection. 
Pads 8A and 88 must both be con- 


nected to common. 
Substrate 
Bias: The substrate 
is electri- 
cally connected 
to internal circuitry. 
Do not make 
electrical 
connection 
to the substrate. 


MILS (0.001") 
MilliMETERS 


Die Size 
154 x 120 ±5 
3.9' 
x 3.05 ±0.13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.1 x 0.1 


Backing 
None 


A 
ELECTROSTATIC 
J.J.:iia. DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits be handled with ap- 


propriate precautions. Failure to observe proper handling and 
installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes 
could cause the device not to meet its published 


specifications. 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


OPT301M 
8-PinTO-99 
001-1 
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7 Special Functions 


Some analog circuit functions defy classification. 
In this section you will find a div,erse assortment 
of circuit functions-at 
least one is bound to be 
your hidden treasure! Consider some of the possi- 
bilities: 


IVCI02-A 
new, precision FET-input integrating 
amplifier with on-chip integration capacitors, and 
low leakage analog switches that convert low- 
level input current to an output voltage. A lower 
noise alternative to op amp/resistor transimpedance 
amplifiers. 


UAF42-Universal 
Analog Filter. Add only ex- 
ternal resistors and make a wide range of low- 
pass, high-pass, band-pass and notch filters. 


BURR-BROWN~ 
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ACF2101-Dual 
Integrating 
Transimpedance 
Amplifier. Integrates input signal currents for a 
user-determined 
period of time. Measures tiny 
currents without using high value resistors. 


MPY634--Analog 
Multiplier. Output is equal to 
the product of two input voltages. Useful in com- 
munications (modulation and mixing), power mea- 
surement, computation and linearization. 


LOGIOO-Logarithmic 
Amplifier. Output is pro- 
portional to the logarithm of the ratio of two input 
currents. Useful as computational element~al- 
culating decibels, for instance. 


•• 


Special Functions 


SPECIAL FUNCTIONS 


I 
I 
I 


MULTIPLIERS 
OTHER 
(Basic Funcl!on) 


MPY100 
(550kHz) 
MPY534 
(3M Hz) 
MPY634 
(10MHz) 
MPY600 
(30MHz) 


ACF2101 
DIV100 
IVC102 
LOG100 
SHC615 
UAF42 
4127 
4341 
4302 


(Switched Integrator) 
(Divider) 
(Switched Integrator) 
(Log Ratio Amplifier) 
(Video DC Restoration) 
(Univ. Active Filter) 
(Logrithmic 
Amplifier) 
(RMS-to-DC Converter) 
(Multi-Function) 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


I 


m~ 
m iproduct 


zACF2101 
• 


t:l:l 
l::: 
~ 
t:l:l 
~ 
;t 
ALD1000 
;:: 


?=i 
tl 
DIV100 
l:l~ 
t:l:l 
IVC102 
<::> 
<::>r 
LOG100 
i:'""s· 
'l>I:l.., 
'"tl 
SHC615 
~ 
~ 
<) 
1:;" 
UAF42 


4127 


4302 


4341 


Function 


Switched Integrator 


Temp 
Rangel') 


Ind 


CurrenWoltage 
Ind 
Transmitter 


10 x N/D 
Com 


Switched Integrator 
Ind 


Logarithmic Amplifier 
Com 


DC Restoration 
Xlnd 


Universal Active Filter 
Ind 


Logarithmic Amplifier 
Com 


Multifunction Converter 
Ind 


1 iT 2 
Ind 
- 
E1N(t)dt 
T 0 


Pkg 


DIP. SOIC 


Description 


This is a dual. integrating, 
transimpedance amplifier that 
converts an input current to an 
output voltage by integrating the 
current for a user determined period 
of time. Eliminates large feedback 
resistor of traditional I to V converters. 


Programmable 
voltage-to-current 
or 
voltage-to-voltage 
analog driver circuit. 
function. 


Two·quadrant analog divider. Vo = lON/D. 


Single, Integrating 
amplifier 
with 
Integrating 
capacitors 
and low 
leakage FET switches. 


K Log (1,/12) 


14-Pin DIP, SOIC 
Wide Bandwidth, fast, 
DC-Restoration circuit for 
sampling or hum suppression 


I 


Universal Active Filter 
which can be configured 
for a wide range of low-pass, 
high-pass, and band-pass filters. 


K Log (I,/IREF) 


Y (Zlx)m 
This function may be used to multiply, 
divide, raise to powers, take roots 
and form sine and cosine functions. 


True RMS-to-DC conversion based 
on a log-antilog proportional 
approach. 


Comments 


Includes HOLD and 
RESET switches and 
output multiplexer. 


1 f' 
VOUT=-C 
IINdt 


Includes current and voltage sensing capability 
with error flag for open-circult. 
Also has disable 


Input Range = 250mV to 10V, accuracy = 0.25% 
(max), rated output = ±1 OV,±5mA (min), 0.5%, 
B\A! = 15kHz, and temp cceff = O.2%/oC. 


Optimized for log ratio of current inputs. 
Specified over six decades of input 
(1nA to 1mAl, SSmV total error, 
0.25% log conformity . 


Bandwidth - OTA: 750kHz 
Comparator: 260MHz 
Switching Transients: +1/-7mV 
Feedthrough Rejection: 100dB 


Uses classical state variable 
analog architecture. 


A more versatile part that contains an 
internal reference and a current inverter. 
1% and 0.5% accuracy. 


Plastic Package. 


Some external trimming required. 
Lower cost in plastic package. 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


Error at 
+2SoC 
Product 
Transfer Function 
max (%) 


MPY100 
[(Xl -X2) 
(Y1-Y2)/101 
+ Z2 
to.S 
MPY534 
[(Xl -X2) 
(Y1 -Y2)/10j 
+ Z2 
to.25 
MPY600 
[(Xl -X2) 
(Y1 -Y2)/2] 
+ Z2 
to.025 
MPY634 
[(Xl -X2) 
(Y1 -Y2)/10j 
+ Z2 
to.5 


NOTE: (1) Com. 
D'C to +7D'C, Ind = -2S'C 
to +8S'C, Mil = -SS'C to +12S'C. 


Temp 
Feed- 
1% 
Coeff 
through 
BW 
(%f'C) 
(mV) 
(MHz) 


0.008 
30 
0.07 
0.008 
0.05% 
3 
0.02 
2 
30 
0.Q15 
0.15% 
10 


Temp 
Range(1) 


Ind 


Com 
Ind 
Ind 


Pkg 


TO-100 
TO-100 
DIP 
TO-100, DIP, SOIC 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 
Call Faxline 
1-800-548-6133 


Request Document 
Number 11078 


Low Noise, Dual 
SWITCHED 
INTEGRATOR 


• 
INCLUDES 
INTEGRATION 
CAPACITOR, 


RESET AND HOLD SWITCHES, 
AND 
OUTPUT 
MULTIPLEXER 


• 
LOW NOISE: 
lOIlVrms 


• 
LOW CHARGE 
TRANSFER: 
O.lpC 


• 
WIDE 
DYNAMIC 
RANGE: 
120dB 


• 
LOW BIAS CURRENT: 
100fA 


The ACF2101 
is a dual switched integrator 
for preci- 


sion applications. 
Each channel can convert an input 


current to an output voltage by integration, using either 
an internal or external capacitor. 
Included on the chip 
are precision 
lOOpF integration 
capacitors, 
hold and 
reset switches, 
and output multiplexers. 


As a complete 
circuit on a single chip, the ACF2101 
eliminates 
many of the problems 
commonly 
encoun- 


tered in discrete designs, such as leakage current errors 
and noise pickup. The integrating 
approach 
can pro- 
vide lower 
noise 
than conventional 
transimpedance 
amplifier designs and also eliminates the need for high 
performance, 
high value feedback 
resistors. 


The extremely 
low bias current and low noise of the 
ACF21Ol's 
Difet@ amplifiers, 
along with active la- 


ser trimming 
of both offset and drift, assure precision 


current to voltage conversion. 


Although 
designed 
for 
+5V, 
-15V 
supplies, 
the 
ACF2101 can be operated on supplies up to ±18VDC. 
It is available 
in both 24-pin plastic DIP and SOIC 
packages. 


• 
CURRENT 
TO VOLTAGE 
CONVERSION 


• 
PHOTODIODE 
INTEGRATOR 


• 
CURRENT 
MEASUREMENT 


• 
CHARGE 
MEASUREMENT 


• 
CT SCANNER 
FRONT 
END 


• 
MEDICAL, 
SCIENTIFIC, 
AND INDUSTRIAL 


INSTRUMENTATION 


Reset 
Hold 
Select 
A 
B 


C'NTERNAL 


Cap A 
100pF 


InA 


Sw InA 


Hold 


ComA 


CINTEANAL 


CapB 


100pF 


In B 


Swln 
B 
Hold 


ComB 


v+ 
Gnd 
v- 


BURR· 
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SPECIFICATIONS 


ELECTRICAL 


I 
ACF2101BP, 
BU 


PARAMETER 
CONDITIONS 
I 
MIN 
I 
TYP 
MAX 
UNITS 


ANALOG 
INPUT 


INPUT RANGE 
Input Current Range 
Sw~ched 
Input (Sw IN A, Sw IN B) 
±loo 
IlA 
Direct Input (IN A, IN B) 
±loo 
IlA 


INPUT IMPEDANCE 
Switched 
Input 


Hold Switch OFF 
1000 
GO 


Hold Switch ON 
1.5 
kil 


Direct Input 
Virtual Ground 


HOLD SWITCH 
VOLTAGE 
Hold Switch Withstand 
Voltage 


" 


Hold Switch OFF 
-10 
+0.5 
V 


OFFSET VOLTAGE 
Input Offset Voltage 
±D.5 
±2 
mV 
Average Drift 
±1 
±5 
~V/oC 


DIGITAL 
INPUTS 


Logic Family 
TIL 
Compatible 
V'H (Logic 1 • Switch OFF) 
2 
5.5 
V 


VIL (Logic 0 = Switch ON) 
-{).5 
0.8 
V 


"H 
V1H = +SV 
2 
IlA 


ill 
VIL - OV 
0 
IlA 


Switching 
Speed (All SWitches) 
Switch ON 
200 
ns 
Switch OFF 
I. 
200 
ns 


TRANSFER 
CHARACTERISTICS 
, 


TRANSFER 
FUNCTION 
Voor • - _1- 
J I~dt 
V 
CIHTEGAATIOH 


DYNAMIC 
CHARACTERISTICS 
Integrate Mode 


Slew Rate 
1 
3 
VI~ 


Reset Mode 
Slew Rate 
3 
VI~s 
settling 
TIme to O.Ol%FSA(l) 
10V Step 
, 
5 
10 
~s 
OveMoad Aecovery 
Positive or Negative 
5 
~ 


Oulput Multiplexer 
(Seiect Switches) 
settling 
TIme to O.Ol%FSA 
GLOAO< l000pF 
6.5 
~s 


Settling TIme to 0.01%FSA 
CLOAO< 100pF 
2 
~ 


INTEGRATION 
CAPACITOR 
(C'NTERNAJ 
Internal Capacitor 
Value 
100 
pF 
Accuracy 
0.5 
2 
% 


Temperature 
Coefficient 
-50 
-25 
0 
ppmrc 


Memory 
30 
100 
ppm of FSA 


RESET SWITCH 
Impedance 
Aeset OFF 
1000 
GO 


Aeset ON 
1.5 
kil 


MODES OF OPERATION 
Switch 
Hold 
Reset 
Integrate Mode 
ON 
OFF 
Hold Mode 
OFF 
OFF 
Reset Mode 
ON/OFF 
ON 


(Logic 1 = OFF, Logic 0 _ ON) 


The information provided herein is believed to be reliable; however, BURR· BROWN assumes no responsibility for inaccuracies oromissions. 
BURR-BROWN 
assumes 


no responsibility 
tor the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 


any BURR·BROWN 
product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 


PARAMETER 
CONDITIONS 
UNITS 


OUTPUT 


Voltage Output Range (All Outputs) 
-10 
-13.5, 
+1.0 
+0.5 
V 


Current Output, Direct Output (Out A, Out B) 
±5 
mA 
Short Circuit Current 
Direct Output 
±25 
mA 
Switched Output (Sw Out A, Sw Out B) 
±2 
±8 
mA 
Select 
Switch Withstand 
Voltage 
Switched Output 
-10 
+0.5 
V 


Switched Common 
(Sw Com A, Sw Com B) 
-{).5 
+0.5 
V 
Output Impedance 
Direct Output 
0.1 
Q 
Switched Output 
Select Switch ON 
250115 
Q II pF 
Select Switch OFF 
1000114 
GQ II pF 
Leakage Current 
Select Switch OFF 
10 
100 
pA 
Load Capacitance 
Stability 
Direct Output 
500 
pF 
Switched Output 
Any 
pF 


OUTPUT 
ACCURACY 


Nonlinearity 
±0.01 
%FSR 
Channel Separation 
dB 
Op Amp Bias Current 
Value 
1000 
tA 
Temperature 
Coefficient 
yo- 
Hold Mode Droop 
10 
nVills 
Integrate 
Mode Droop 
10 
nVllls 
0 
Voltage Offse1(2) 
yo- 


Value 
3 
mV 
N 


Temperature 
Coefficient 
5 
IlVioC 
u.. 


Power Supply Rejection 
Vs = +4.5V to +18V, -10V 
to -18V 
80 
100 
dB 
0 


OUTPUT 
NOISE 
« 
Total Output Noise(3) 
BW: 
0.1Hz to 10Hz 
2 
JlVrms 
Integrate Mode(4) 
BW : 0.1 Hz to 250kHz 
10(1 + C,.lC'NTEGRATION) 
IlVrms 
Hold Mode 
BW • 0.1 Hz to 250kHz 
10 
J.Nrms 
Reset Mode 
BW : 0.1 Hz to 250kHz 
10 
J..lVrms 


CHARGE 
TRANSFER 
ERRORSI" 
Reset to Integrate 
Mode(S) 
tn 
Charge Transfer 
0.1 
0.5 
pC 
Charge Transfer TC 
0.2 
fCrC 
Z 
Charge Offset Error 
1 
5 
mV 
0 
Charge Offset TC 
2 
Ilvrc 
~ 
Integrate to Hold Mode 
C'N > 50pF 
Charge Transfer 
0.2 
pC 
0 
Charge Transter TC 
0.4 
fCrC 
Z 
Charge Offset Error 
2 
10 
mV 
::l 
Charge Offset TC 
4 
Ilvrc 
Hold to Integrate Mode 
C,N> 50pF 
u.. 


Charge Transfer 
0.2 
pC 
-I 
Charge Transfer TC 
0.4 
fCrC 
« 
Charge Offset Error 
2 
10 
mV 
Charge Offset TC 
4 
Ilvrc 
(3 
POWER SUPPLY 
W 
Specified Operating 
Voltage 
+5, -15 
V 
C. 


Operating 
Voltage Range 
tn 
Positive Supply 
+4.5 
+18 
V 
Negative 
Supply 
-10 
-18 
V 
Current 
Positive Supply 
For Dual 
12 
15 
mA 
Negative 
Supply 
For Dual 
3.5 
5.2 
mA 


TEMPERATURE 
RANGE 


Specification 
40 
+85 
°c 
Operation 
40 
+125 
°C 
Storage 
-40 
+125 
°C 
Thermal 
Resistance 
(both packages) 
Junction to Ambient 
100 
°CIW 


NOTES: (1) FSR is Full Scale Range = 10V (0 to -10V). 
(2) Includes offset errors from all modes of operation. 
(3) Total noise is rms total of noise for the modes 
of operation used. (4) CIN '" capacitance 
of sensor connected to ACF21 01 input; CINTERGRATION 
'" integration capacitance 
'" CINTERNAl+ CEXTERNAl.(5) Errors created 
when the internal switches are driven from one mode to another. (6) The charge transfer is O.lpC; for an integration 
capacitance 
of 100pF, the resultant charge 
offset voltage error is 1mV. 
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ACF2101BU 
Top View 
ACF2101BP 


Inpul 


Your 


In B 
In A 
l 


CapB 
Cap A 


Com B 
ComA 


Gnd B 
GndA 


autB 
aulA 


Yourl 


Supply. 
. 
±18V 
Input Current 
.. 
. 
±5mA 


Output 
Short Circuit 
Duration 
Continuous 
to Ground 
Power Dissipation. 
. 
50QmW 
Operating Temperature... 
. 
-40°C 
to +125°C 
Storage Temperature.. 
. 
-40°C to +125°C 


Junction Temperature 
+ 150°C 
Lead Temperature 
(soldering, 
105).. 
. 
+300°C 


TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


ACF2101BP 
24-Pin Plastic DIP 
-40·C 
to +85·C 
ACF2101BU 
24-Pin Plastic SalC 
-40·C 
to +85·C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


ACF2101BP 
24-Pin Plastic DIP 
243 
ACF2101BU 
24-Pin Plastic SalC 
239 


~ 
~ 
-l 
These 
points must be connected 
to a 
-=- 
common 
ground point or a ground plane. 


Electrostatic discharge can cause damage ranging from 
per- 


formance 
degradation 
to complete 
device 
failure. 
Burr- 
Brown Corporation 
recommends 
that all integrated 
circuits 
be handled 
and stored 
using 
appropriate 
ESD protection 
methods. 


BASIC CIRCUIT 
CONNECTION 


Basic Layout 
As with any precision circuit, careful layout will ensure best 
performance. 
Make short, direct interconnections 
and avoid 
stray 
wiring 
capacitance--especially 
at the 
analog 
and 
digital input pins. 


Figures Ia and Ib illustrate the basic connections 
needed for 
operation. 
Figures 
Ic and 
Id illustrate 
the 
addition 
of 
external integration 
capacitors 
and input guards. 


Leakage 
currents between 
printed 
circuit board traces can 
easily 
exceed 
the input bias current 
of the ACF2101. 
A 
circuit 
board 
"guard" 
pattern 
reduces 
leakage 
effects 
by 
surrounding 
critical high impedance 
input circuitry 
with a 
low impedance 
circuit 
connection 
at the same potential. 


Leakage 
will flow harmlessly 
to the low impedance 
node. 
Figure 2a and 2b show printed circuit patterns 
that can be 
used to guard critical pins. Note that traces leading to these 
pins should also be guarded. 


Improper 
handling 
or cleaning 
may increase 
droop. 
Con- 
tamination 
from handling 
parts and circuit 
boards can be 
removed 
with cleaning 
solvents and de-ionized 
water. 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call Faxline 
1-800-548-6133 


Request Document 
Number 10427 


• 
HIGH ACCURACY: 
0.25% Maximum 
Error, 


40:1 Denominator 
Range 


• 
TWO-QUADRANT 
OPERATION 
Dedicated 
Log-Antilog 
Technique 


• 
EASY TO USE 
Laser-trimmed 
to Specified 
Accuracy 
No External 
Resistors 
Needed 


• 
LOW COST 


• 
DIP PACKAGE 


The 
DIVIOO 
is a precision 
two-quadrant 
analog 
divider 
offering 
superior 
performance 
over a wide 
range of denominator 
input. Its accuracy is nearly two 
orders of magnitude 
better than multipliers 
used for 
division. It consists of four operational 
amplifiers and 
logging transistors 
integrated into a single monolithic 
circuit and a laser-trimmed, 
thin-film resistor network. 


The electrical characteristics 
of these devices offer the 
user guaranteed accuracy without the need for external 
adjustment - 
the DIV I00 is a complete, single pack- 


age analog divider. 


o 


Input 
11 


• 
DIVISION 


• 
SQUARE 
ROOT 


• 
RATIOMETRIC 
MEASUREMENT 


• 
PERCENTAGE 
COMPUTATION 


• 
TRANSDUCER 
AND BRIDGE 
LINEARIZATION 


• 
AUTOMATIC 
LEVEL AND GAIN CONTROL 


• 
VOLTAGE 
CONTROLLED 
AMPLIFIERS 


• 
ANALOG 
SIMULATION 


For those applications 
requiring higher accuracy than 
the 
DIY 100 specifies, 
the 
capability 
for 
optional 
adjustment 
is provided. 
These adjustments 
allow the 
user 
to set scale 
factor, 
feedthrough, 
and 
output- 
referred offsets for the lowest total divider error. 


The DIVIOO also gives the user a precision, 
tempera- 
ture-compensated 
reference 
voltage for external use. 


Designers 
of industrial 
process 
control 
systems, 


analytical instruments, 
or biomedical 
instrumentation 
will find the DIVIOO easy to use and also a low cost, 
but highly 
accurate 
solution 
to their analog divider 
applications. 


N 
13 


Input 


International 
Airport 
Industrial 
Pari< 
• 
Mailing 
Address: 
PO Box 11400 
• 
Tucson, 
/JJ. 85734 
• 
Street Address: 
6730 S. Tucson 
Blvd. 
• 
Tucson, 
/JJ. 85706 
Tel: (520) 746-1111 
• 
TWJl: 910.952·1111 
• 
cable: 
BBRCORP 
• 
Telex: 1l6lHi491 
• 
FAX: (520) BB9-1510 
• 
Immediate 
Product 
Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 


OIVl00HP 
I 
OIVl00JP 
OIVl00KP 


PARAMETER 
CONOmONS 
MIN 
I 
TYP I 
MAX I MIN 
TYP 
MAX 
MIN I 
TYP 
MAX 
UNITS 


TRANSFER 
FUNCTION 
Vo = 10NlO 


ACCURACY 
RL ~ 101<0 
Total Error 
Initial 
0.25V S 0 S 10V, N S 101 
0.7 
1.0 
0.3 
0.5 
0.2 
0.25 
% FS(){') 


vs Temperature 
1V S 0 S 10V, N S 101 
0.02 
0.05(2) 
"10 FSOI"C 
0.25V S 0 S 1V, N S 101 
0.06 
0.2(2) 
"10 FSOI"C 


vs Supply 
0.25V S 0 S 10V, N S 101 
0.15 
% FSOI"I. 
Warm-up Time to Rated Performace 
5 
. 
Minutes 


AC PERFORMANCE 
0= 
+10V 
Small·Signal 
Bandwidth 
-3dB 
350 
kHz 
0.5% Amplitude 
Error 
Small·Signal 
15 
kHz 
0.5]0 Vector Error 
Small·Signal 
1000 
Hz 
Full-Power Bandwidth 
Vo=±10V,lo=±5mA 
30 
kHz 
Slew Rate 
Vo =±10V, 
10=±5mA 
2 
V/Jls 
Settling Time 
E: 1%,!1Vo=20V 
15 
JlS 
Overload Recovery 
50% Output Overload 
4 
Jls 


INPUT CHARACTERISTICS 
Input Voltage Range 


" 
Numerator 
NSIOI 
±10 
V 
Denominatior 
o ~ +250mV 
±10 
V 
Input Resistance 
Either Input 
25 
1<0 


OUTPUT CHARACTERISTICS 
Full·Scale Output 
±10 
V 
Rated Output 
Voltage 
10=±5mA 
±10 
, 
V 
Current 
Vo=±10V 
±5 
mA 
Current Limit 
Positive 
15 
20(2) 
mA 
Negative 
19 
23(2) 
mA 


OUTPUT NOISE VOLTAGE 
N =OV 
te = 10Hz to 10kHz 
0=+10V 
370 
).lVrms 
0= 
+250mV 
1 
mVrms 


REFERENCE 
VOLTAGE 
CHARACTERISTICS, 
f\~ 10MO 
Output Voltage 
Initial 
At 25'C 
6.5(2) 
6.8 
7.1(2) 
V 


VS Supply 
±25 
JlVN 


Temperature 
Coefficient 
±50 
ppml"C 
Output Resistance 
3 
1<0 


POWER SUPPLY 
REQUIREMENTS 
Rated Voltage 
±15 
VOC 
Operating Range 
Derated Perlormance 
±12 
±20 
VOC 
Quiescent Current 
Postive Supply 
5 
7(2) 
mA 
Negative Supply 
8 
10(2) 
mA 


TEMPERATURE 
RANGE 
Specification 
0 
+70 
'C 
Operating Temperature 
Derated Performance 
-25 
+85 
'C 
Storage 
-40 
+85 
'C 


'Same 
as 01V100HP. 


NOTES: (1) FSO is the abbreviation for Full Scale Output. (2) This parameter is untested and is not guaranteed. 
This specifcation 
is established to a 90% confidence 
level. 


The information 
provided 
herein is believed to be reli~e; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for the use of this information, and aU use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not 
authorize 
or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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PIN CONFIGURATION 


Bottom 
View 


+Vcc 
0 
14 


Numerator (N) Input 
0 
13 


Output Offset Adjust 
0 
12 


N Input Offset Adjust 
0 
11 


Common 
0 
10 


Denominator 
(D) Input 
0 


Refererence 
Voltage 
0 


DIP 


0 
Gain 
Error Adjust 


0 
Output 


0 
-Vec 


0 
o Input Offset Adjust 


5 0 
Internally 
Connected 
to Pin 1 


6 0 
Internally Connected to Pin 14 


0 
Internally 
Connected 
to Pin 8 


TEMPERATURE 
TOTAL 
INITIAL 
MODEL 
RANGE 
ERROR (% FSO) 


DIV100HP 
QOClo +70°C 
1.0 
DIV100JP 
O°C to +70°C 
0.5 
DIV100KP 
DOC to +70°C 
0.25 


Supply.. 
. 
±20VDC 
Internal 
Power 
Dissipation(1).. 
. 
600mW 
Input Voltage RangeI21.. 
. 
±20VDC 
Storage Temperature Range 
-40°C 
to +85°C 
Operating 
Temperature 
Range. 
... -25°C 
to 85°C 
lead 
Temperature 
(soldering, 
10s).. 
. 
+300°C 


Output 
Short-Circuit 
Duration(1, 
3) •• " 
•••••.••••.••••.••.••••••• 
Continuous 
Junction 
Temperature 
. 
+175°C 


NOTES: (1) See General Information section for discussion. 
(2) For supply 


voltages 
less than ±20VDC, 
the absolute 
maximum 
input voltage 
is equal 
to the supply 
voltage. 
(3) Short-circuit 
may be to ground 
only. 
Rating 
applies to an ambient 
temperature 
of +38°C 
at rated supply voltage. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(l) 


DIV100HP 
14-Pin DIP 
105 
DIV100JP 
14-Pin DIP 
105 
DIV100KP 
14-Pin DIP 
105 


6'~c 
g 
0.10 
w 
~ 


o -INI 


10V < N < +10V 


I 
I 


Nu~er~ 
-- f---l 


+Numerator 


2.4 
6' 
rJl 
"- 
1.8 
C 
g 
w 
1.2 
~ 


0.6 


0 


-5 


0.01 


0.1 
1 


Denominator 
Voltage 
(V) 


1M 


100k 


N 
:E. 
g 
10k 
" 
W 
"- 
1k 


I 
Small-Signal 
Bandwidth 
( 3dB), 


IIIII 
Your 
100mVp-p 
~ 


I 
I ...J..-H'" 
Full-Power 
Bandwidth, 


Your 
20Vp-p, R, 
2k!l 


0.6 


0.5 
6' 
rJl 
"- 
0.4 
C 
g 
w 
0.3 
~ 
0.2 


0.1 
100 


0.1 
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PRELIMINARY 
INFORMATION 
SUBJECT 
TO CHANGE 
WITHOUT 
NOTICE 


PRECISION SWITCHED INTEGRATOR 
TRANSIMPEDANCE AMPLIFIER 


• 
PRECISION 
LOW CURRENT 
MEASUREMENT 


• 
PHOTODIODE 
MEASUREMENTS 


• 
IONIZATION 
CHAMBER 
MEASUREMENTS 


• 
CURRENT-OUTPUT 
SENSORS 


• 
LEAKAGE 
CURRENT 
MEASUREMENT 


• 
ON-CHIP 
INTEGRATING 
CAPACITORS 


• 
GAIN PROGRAMMED 
BY TIMING 


• 
LOW INPUT BIAS CURRENT: 
SOOfAmax 


• 
LOW NOISE 


• 
FAST PULSE 
INTEGRATION 


• 
LOW NONLINEARITY: 
0.02% max 


• 
14-PIN DIP, SO-14 SURFACE 
MOUNT 


The Ive 
102 is a precision 
integrating 
amplifier 
with 
FET op amp, integrating 
capacitors, 
and low leakage 
FET switches. It integrates 
low-level input current for 
a user-determined 
period, storing the resulting voltage 
on the integrating capacitor. The output voltage can be 
held for accurate measurement. 
The IVCI02 
provides 
a precision, 
low 
noise 
alternative 
to conventional 


transimpedance 
op amp circuits 
that require 
a very 


high value feedback 
resistor. 


The IVCI02 
is ideal for amplifying 
low-level 
sensors 
such 
as photodiodes 
and ionization 
chambers. 
The 
input signal current can be positive or negative. 


TTUCMOS-compatible 
timing inputs control the inte- 
gration 
period, 
hold and reset 
functions 
to set the 
effective transimpedance 
gain and to reset (discharge) 


the integrator 
capacitor. 


Package options include l4-Pin plastic DIP and SO-14 
surface-mount 
packages. 
Both are specified 
for the 


--40°C to 85°C industrial 
temperature 
range. 


Hold 
I Integrate I 
Hold 
I 
Reset 
OV 
I 
I 
I 


~ 


" 
I 
I 
I 


S 
I 
I 
I 


'~ 


I 
I 
I 


5, -----<--~----i~ 
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SPECIFICATIONS 


PARAMETER 


TRANSFER 
FUNCTION 
Gain 
Error 


vs Temperature 
Nonlinearity 


Input 
Current 
Range 
Offset Voltagel') 


vs Temperature 
vs Power Supply 
Droop Rate, Hold Mode 


INPUT 
Input Bias Current 
Offset Voltage (Op Amp Vos) 


vs Temperature 
vs Power Supply 
Noise 
Voltage 


INTEGRATION 
CAPACITORS 
C1 + Cz + C3 
vs Temperature 


Voltage 
Coefficient 


Vo = -(TINT)(IIN)lC,NT 


±5 
+25/-17 
+30/+60 
±0.005 
±0.02 
±100 
-1/-3 
±10 


±10 
150 
500 
1 


100 
500 
±O.5 
±5 
±5 
10 
100 
10 


100 
120 


-25 
2 
10 
30 
60 


(Vs) ±2.5 
±20 
500 


C, 
C, 
C, 


OUTPUT 
Voltage 
Range 
Short·Circuit 
Current 
Capacitive 
Load Drive 


DYNAMIC 
CHARACTERISTIC 
Op Amp Gain-Bandwidth 
Op Amp Slew Rate 
Reset 
Slew Rate 
Settling 
Time, 
0.01 % 


DIGITAL 
INPUTS 


V1H 
(referred 
to digital 
ground) 
V1L (referred 
to digital ground) 


VOIGITAL GROUND (referred 
to analog 
ground) 


I'H 
ill 
SWitching Time 


POWER SUPPLY 
Voltage 
Range: 
Positive 
Negative 
Current: 
Positive 
Negative 
Analog 
Ground 
Digital 
Ground 


TEMPERATURE 
RANGE 
Operating 
Range 
Storage 


Thermal 
Resistance. 
0JA 
DIP 
SO-14 


10V Step 


(TIUCMOS 
Compatible) 


% 


ppm/oC 


% 


~A 
mV 
~V/oC 
~VN 
nV/~s 


fA 


mV 
~V/oC 
~VN 


nV/-fHz 


pF 
ppml°C 
ppmN 


pF 
pF 
pF 


The 
information 
provided 
herein;s 
believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party_ BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Precision 
LOGARITHMIC 
AND LOG RATIO AMPLIFIER 


• 
ACCURACY 
0.37% FSO max Total 
Error 
Over 5 Decades 


• 
LINEARITY 
0.1 % max Log Conformity 
Over 5 Decades 


• 
EASY TO USE 
Pin-selectable 
Gains 
Internal 
Laser-trimmed 
Resistors 


• 
WIDE INPUT 
DYNAMIC 
RANGE 
6 Decades, 
1nA to 1mA 


• 
HERMETIC 
CERAMIC 
DIP 


The LOGlOO uses advanced 
integrated 
circuit tech- 
nologies 
to achieve 
high accuracy, 
ease of use, low 
cost, and small size. It is the logical choice for your 
logarithmic-type 
computations. 
The amplifier has guar- 
anteed maximum error specifications 
over the full six- 
decade input range (lnA to lmA) and for all possible 
combinations 
of II and 1,. Total error is guaranteed 
so 
that involved error computations 
are not necessary. 


The circuit uses a specially designed compatible 
thin- 
film monolithic 
integrated 
circuit which contains am- 


plifiers, 
logging 
transistors, 
and low drift thin-film 


9 
-vcco-- 


1 


6 
+vcco-- 


Com~ 


• 
LOG, LOG RATIO AND ANTILOG 
COMPUTATIONS 


• 
ABSORBANCE 
MEASUREMENTS 


• 
DATA 
COMPRESSION 


• 
OPTICAL 
DENSITY 
MEASUREMENTS 


• 
DATA 
LINEARIZATION 


• 
CURRENT 
AND VOLTAGE 
INPUTS 


resistors. 
The resistors 
are laser-trimmed 
for maxi- 
mum precision. 
FET input transistors 
are used for the 
amplifiers 
whose low bias currents (l pA typical) per- 
mit signal currents as low as InA while maintaining 
guaranteed 
total errors of 0.37% FSO maximum. 


Because 
scaling 
resistors 
are 
self-contained, 
scale 
factors 
of IY, 3Y or 5Y per decade 
are obtained 
simply 
by pin selections. 
No other resistors 
are re- 


quired 
for log ratio applications. 
The LOGlOO will 
meet its guaranteed 
accuracy 
with no user trimming. 


Provisions 
are made for simple adjustments 
of scale 
factor, 
offset 
voltage, 
and bias current 
if enhanced 
performance 
is desired. 


BURR-BROWNe 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


T" = +25°C 
and ±Vcc:: 
±15V, 
after 15 minute warm-up, 
unless otherwise 
specified. 


PARAMETER 
CONOITIONS 
MIN 
MAX 
UNITS 


TRANSFER 
FUNCTION 
Voo, - K Log (I,ll,) 
Log Conformity 
Error('l 
Either 
11 or 12 


Initial 
1nA to 1001JA(5 decades) 
0.04 
0.1 
% 


1nA to 1mA (6 decades) 
0.15 
0.25 
% 


Over 
Temperature 
1nA to 1001JA(5 decades) 
0.002 
%rC 
1nA to 1mA (6 decades) 
0.001 
%rC 


K Range'" 
1,3,5 
Vldecade 


Accuracy 
0.3 
% 


Temperature 
Coefficient 
0.03 
%/'C 


ACCURACY 
Total 
Errort31 
K ::: 1.('" Current 
Input Operation 


Initial 
1,.12"",lmA 
±55 
mV 
I" I, • 1001JA 
±30 
mV 
I" I, - 101JA 
±25 
mV 


I" I, = 11JA 
±20 
mV 


I" I, - 100nA 
±25 
mV 
',.12 = 10nA 
±30 
mV 


111 12 = toA 
±37 
mV 


vs Temperature 
111 12 = lmA 
±0.20 
mvrc 


I" I, - 1001JA 
±0.37 
mvrc 
I" I, = 101JA 
±0.28 
mvrc 


I" I, = 11JA 
±0.033 
mvrc 


I,. 12 = tOOnA 
±0.28 
mvrc 


1"I,-10nA 
±0.51 
mvrc 


11.12 
= lnA 
±1.26 
mvrc 


vs Supply 
I•. 12"" lmA 
±4.3 
mVN 


I" I,: 
1001JA 
±1.5 
mVN 


I" I, = 101JA 
±0.37 
mVN 


I" I,: 
11JA 
±C.11 
mVN 


II. 12- 
tOOnA 
±0.61 
mVN 


I" 12= 10nA 
±0.91 
mVN 


1,.12 
= lnA 
±2.6 
mVN 


INPUT CHARACTERISTICS 
(of Amplifiers 
A, and A,) 
Offset Voltage 
Initial 
±C.7 
±5 
mV 
vs Temperature 
±80 
~vrc 
Bias Current 
Initial 
1 
5(5) 
pA 


vs Temperature 
Doubles Every 10'C 
Vonage Noise 
10Hz to 10kHz, RTI 
3 
J.1Vrms 


Current 
Noise 
10Hz to 10kHz, RTI 
0.5 
pArms 


AC PERFORMANCE 
JdB Respons"'-, 
I, - 1OIJA 
1nA 
Cc = 4500pF 
0.11 
kHz 
11JA 
Cc = 150pF 
38 
kHz 
101JA 
Cc - 150pF 
27 
kHz 


1mA 
Cc = 50pF 
45 
kHz 
Step 
Response(e) 


Increasing 
Cc = 150pF 
11JAto 1mA 
11 
~s 
100nA to 11JA 
7 
~ 
10nA to 100nA 
110 
~ 
Decreasing 
Cc = 150pF 
1mAto 
11JA 
45 
~ 
11JAto 100nA 
20 
~ 
100nA to 10nA 
550 
~ 


OUTPUT CHARACTERISTICS 
Full Scale Output (FSO) 
±10 
V 
Rated Output 
Vonage 
I"", _ ±5mA 
±10 
V 
Current 
V"",: 
±10V 
±5 
mA 
Current 
Limft 
Positive 
12.5 
mA 
Negative 
15 
mA 
Impedance 
0.05 
n 
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PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
REQUIREMENTS 
Rated Voltage 
±15 
VDC 
Operating 
Range 
Derated Performance 
±12 
±18 
VDC 
Quiescent 
Current 
±7 
±9 
mA 


AMBIENT 
TEMPERATURE 
RANGE 


Specification 
0 
+70 
'C 
Operating 
Range 
Derated Performance 
-25 
+85 
'C 
Storage 
-40 
+85 
'C 


NOTES: (1) Log Conformity 
Error is the peak deviation from the best-fit straight line of the VOUT V$ Log 
IIN curve expressed 
as a percent of peak-la-peak 
full scale 
output. (2) May be trimmed 
to other values. See Applications 
section. 
(3) The worst-case 
Total Error for any ratio ot 1,11,is the largest ot the two errors when 


II and 12are considered 
separately. 
(4) Total Error at other values of K ;s K times Total Error for K = 1. (5) Guaranteed 
by design. Not directly measurable 
due to 
amplifier's 
committed 
configuration. 
(6) 3dB and transient 
response are a function of both the compensation 
capacitor 
and the level of input current. See Typical 
Perlormance 
Curves. 


Supply 
±18V 
Internal Power Dissipation.. 
..600mV 


Input Current 
10mA 


Input Voltage Range 
±18V 
Storage Temperature 
Range.. 
. 
-40DC to +85DC 


Lead Temperature 
(soldering, 
10s) 
+300DC 
Output Short-circuit 
Duration 
Continuous 
to ground 
Junction Temperature.. 
. . 175DC 


K, VIDECADE 
CONNECTIONS 


5 
5 to 7 
3 
4 to 7 
1.9 
4and5t07 
1 
3 to 7 
0.85 
3and5t07 
0.77 
3and4t07 
0.68 
3and4and5t07 


SPECIFIED 
TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


LOG100JP 
14-Pin Hermetic Ceramic DIP 
ODCto +70DC 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall 
be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are 
implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 


12Input 
14 
11Input 


NC 
Scale Factor Trim 


NC 
K=l 


NC 
K=3 


Common 
K=5 


-Vcc 
+Vcc 


Ne 
8 
7 
Output 


NC '" No Connection 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


Any integral circuit can be damaged 
by ESD. Burr-Brown 


recommends 
that all integrated 
circuits 
be handled 
with 


appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 


ESD damage can range from subtle performance 
degrada- 
tion to complete device failure. Precision 
integrated 
circuits 
may be more susceptible 
to damage 
because 
very small 
parametric 
changes 
could 
cause 
the device 
not to meet 


published 
specifications. 


LOG10OJP 
14-Pin Hermetic Ceramic 
DIP 
148(2) 


NOTES: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix C of Burr-Brown IC Data Book. (2) During 1994, the package 
was changed 
from plastic to hermetic 
ceramic. 
Pinout, model number, and 
specifications 
remained 
unchanged. 
The 
metal 
lid of the new package 
is 
internally connected to common, pin 10. 
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TYPICAL PERFORMANCE CURVES 
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For Immediate Assistance, Contact YourLocal Salesperson 


THEORY OF OPERATION 


The base-emitter 
voltage of a bipolar transistor 
is 


Ic 
KT 
VBE = VT in - 
where: VT =-- 


Is 
q 


K = Boltzman's 
constant = 1.381 X 10-23 


T = Absolute 
temperature 
in degrees Kelvin 


q = Electron charge = 1.602 x 10-'9 Coulombs 


Ie = Collector 
current 


Is = Reverse saturation 
current 


From the circuit in Figure I, we see that 


Yom' = VBE1 
- 
VB":> 
(2) 


Substituting 
(I) into (2) yields 


I, 
I, 
Vom' = VT in 
- 
- VT in - 
(3) 
, 
Is, 
2 
IS2 


If the transistors 
are matched and isothermal 
and VT' = V TI' 


then (3) becomes: 
, 
I, 
I, 


Vom =VT[in- 
-in 
-] 
(4) 
Is 
Is 


I, 
Yom' = VT in - 
and since 
(5) 
12 


where n = 2.3 


also 


, 
R,+R2 
Vom = Vom --- 
R, 


R, +R, 
I, 
=--- 
n VTlog- 
R, 
12 


I, 
Vom = K log- I, 


I, 
YOUT = K LOG T,' 


It should be noted that the temperature 
dependance 
associ- 
ated 
with 
VT = KT/q 
is compensated 
by making 
R, a 
temperature 
sensitive 
resistor 
with 
the required 
positive 
temperature 
coefficient. 


I 
The ideal transfer function is Vom = K log ---'-I 
where: 
2 


I, = numerator 
input current 


I, = denominator 
input current. 


Accuracy considerations 
for a log ratio amplifier are some- 
what more complicated 
than for other amplifiers. The reason 
is that the transfer function is nonlinear 
and has two inputs, 


each of which can vary over a wide dynamic 
range. The 
accuracy 
for any combination 
of inputs is determined 
from 
the total error specification. 


4 


~ 
1nA 


>8 
0 


-2 


--4 
~ 
~ 


-10 


I, 
YOUT= 
K LOGT,' 


1,= 1~A 


Fixed value of 12- 


6- 


4 


~ 
2- 


5 
0 
o 
> -2 


I, 
YOUT= 
K LOGT,' 


K=3 
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The total error is the deviation 
(expressed 
in mV) of the 
actual output from the ideal output of VOUT= K log (I,ll,). 
Thus, 


VOUT(ACJ1JAL) 
= VOUT(IDEAL) 
± Total Error. 


It represents 
the sum of all the individual 
components 
of 
error normally associated with the log amp when operated in 
the current input mode. The worst-case 
error for any given 
ratio of I,ll, is the largest of the two errors when I, and I, are 
considered 
separately. 


Example: 


I, varies over a range of IOnA to llJA and I, varies from 
lOOnA to IOIJA. What is the maximum 
error? 


Table I shows the maximum 
errors for each decade combi- 
nation of I, and 1,. 


10nA 
100nA 
l~A 
(30mV) 
(25mV) 
(20mV) 


100nA 
0.1 
1 
10 
(25mV) 
(30mV) 
(25mV) 
(25mV) 


1~ 
0.01 
0.1 
1 
(20mV) 
(30mV) 
(25mV) 
(20mV) 


10~ 
0.001 
0.01 
0.1 
(25mV) 
(30mV) 
(25mV) 
(25mV) 


Since the largest value ofI,lI, 
is 10 and the smallest is 0.001, 
K is set at 3V per decade so the output will range from +3V 
to -9V. The maximum total error occurs when I, = IOnA and 
is equal to K x 30mV. This represents 
a 0.75% of peak-to- 
peak FSO error 3 x 0.030/12 
x 100% = 0.75% where the full 
scale output is 12V (from +3V to -9V). 


As with 
any transfer 
function, 
errors 
generated 
by the 
function 
itself may be Referred-to-Output 
(RTO) 
or Re- 
ferred-to-Input 
(RTI). 
In this 
respect, 
log amps 
have 
a 
unique property: 


Given some error voltage at the log amp's 
output, that 
error 
corresponds 
to a constant 
percent 
of the input 
regardless 
of the actual input level. 


Refer 
to: Yu Jen Wong 
and William 
E. Ott, "Function 
Circuits: Design & Applications", 
McGraw-Hill 
Book, 1976. 


LOG CONFORMITY 


Log conformity 
corresponds 
to linearity when VOUTis plot- 
ted versus I,ll, on a semilog scale. In many applications, 
log 
conformity 
is the most important 
specification. 
This is true 
because bias current errors are negligible (I pA compared to 
input currents of InA and above) and the scale factor and 
offset errors may be trimmed to zero or removed by system 
calibration. 
This leaves log conformity 
as the major source 
of error. 
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Log conformity 
is defined 
as the peak deviation 
from the 
best-fit straight line of the VOUTversus log (I,ll,) curve. This 
is expressed 
as a percent of peak-to-peak 
full scale output. 


Thus, 
the nonlinearity 
error 
expressed 
in volts 
over 
m 
decades is 


VOUT(NONLIN) 
= K 2Nm V 
(12) 


where N is the log conformity 
error, in percent. 


The ideal transfer function with current input is 


I, 
VOUT= K Log - 
(13) 
I, 


The actual transfer function with the major components 
of 
error is 


1,-1., 


VOUT= K (I ± 8K) log --- 
±K 2Nm ± VOSOUT (14) 
1,-1., 


The individual 
component 
of error is 
8K = scale factor error (0.3%, typ) 
I., = bias current of A, (lpA, 
typ) 
I., = bias current of A, (I pA, typ) 
N = log conformity 
error ( 0.05%, 0.1 %, typ) 


VOSOUT= output offset voltage (ImV, 
typ) 


m = number of decades over which N is specified: 
0.05% for m = 5, 0.1% for m = 6 


Example: 
what is the error with K = 3 when 


I, = llJA and I, = lOOnA 


I~-Io-" 
VOUT= 3(1 ± 0.(03) 
log --- 
10-' _10-" 
±3(2)(0.OOO5)5±lmV" 
(15)" 


I~ 
= 3.009 log - 
+ 0.015 + 0.001 
10-' 


= 3.009 (I) + 0.015 + 0.001 


= 3.025V 


Since the ideal output is 3.000V, the error as a percent of 
reading is 


% error = 
0.025 
x 100% = 0.83% 


3 


V 
E 
--'--I 
+~ 
R, 
.,- 
R, 
VOUT= K(I ± M) log------±K 
2Nm ±VOSOUT 
V, -I 
+ Eos, 


R, 
.,- 
R, 


FREQUENCY 
RESPONSE 


The 3dB frequency response of the LOG I00 is a function of 
the magnitude 
of the input current levels and ofthe 
value of 
the frequency 
compensation 
capacitor. 
See Typical Perfor- 
mance Curves for details. 


and 12 with a small signal AC current on one of them. 


The transient 
response 
of the LOG I00 is different 
for in- 


creasing and decreasing 
signals. This is due to the fact that 
a log amp is a nonlinear gain element and has different gains 
at different 
levels 
of input 
signals. 
Frequency 
response 
decreases 
as the gain increases. 


INPUT CURRENT 
RANGE 


The stated 
input range 
of InA 
to lmA 
is the range 
for 
specified accuracy. Smaller or larger input currents may be 
applied with decreased 
accuracy. Currents larger than lmA 
result in increased 
nonlinearity. 
The lamA 
absolute maxi- 


mum is a conservative 
value to limit the power dissipation 
in the output stage of AI and the logging transistor. Currents 
below 
InA will result in increased 
errors due to the input 
bias currents of A, and A2 (lpA 
typical). These errors may 
be nulled. See Optional Adjustments 
section. 


FREQUENCY 
COMPENSATION 


Frequency 
compensation 
for the LOGlOO is obtained 
by 
connecting 
a capacitor 
between pins 7 and 14. The size of 
the capacitor is a function of the input currents as shown in 
the Typical Performance 
Curves. For any given application, 
the smallest 
value of the capacitor 
which may be used is 
determined 
by the maximum 
value at 12 and the minimum 


value of I,. Larger values ofCc will make the LOG 100 more 
stable, but will reduce the frequency 
response. 


SETTING 
THE REFERENCE 
CURRENT 


When the LOG 100 is used as a straight log amplifier 
12 is 
constant and becomes the reference current in the expression 


I, 


VOUT = K log --IREF 


IREF can be derived from an external current source (such as 
shown in Figure 4), or it may be derived 
from a voltage 


source with one or more resistors. 


When a single resistor is used, the value may be quite large 
when IREF is small. IfIREF 
is lOnA and +l5V is used 


15V 
RREF = -- 
= 1500MQ. 


lanA 


resistor. When this is done, one must be aware of possible 
errors caused by the amplifier's 
input offset voltage. This is 


shown in Figure 5. 


In this case the voltage at pin 14 is not exactly zero, but is 
equal to the value of the input offset voltage of A" which 
ranges from zero to ±5mV. 
VT must be kept much larger 
than 
5mV 
in order 
to make 
this effect 
negligible. 
This 


concept also applies to pin I. 


The LOGlOO will meet its specified 
accuracy 
with no user 
adjustments. 
If improved performance 
is desired, the follow- 
ing optional adjustments 
may be made. 


The circuit in Figure 6 may be used to compensate 
for the 
input bias currents of A, and A2• Since the amplifiers 
have 
FET inputs 
with the characteristic 
bias current 
doubling 
every lOoC, this nulling technique 
is practical 
only where 


the temperature 
is fairly stable. 


The output offset may be nulled with the circuit in Figure 7. 
I, and I, are set equal at some convenient 
value in the range 
of lOanA to lOOIJA. R, is then adjusted 
for zero output 
voltage. 
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-Vcc 
10kil 
+Vcc 
-Vcc 


-Vcc 


R, 
100kil 


2 


LOG100 


LOG100 
Your 


14 
10 


The value of K may be changed by increasing or decreasing 
the voltage divider resistor normally 
connected 
to the out- 


put, pin 7. To increase K put resistance in series between pin 
7 and the appropriate 
scaling 
resistor 
pin (3, 4 or 5). To 
decrease K place a parallel resistor between pin 2 and either 
pin 3, 4 or 5. 


In order to prevent frequency 
instability 
due to lead induc- 


tance of the power supply lines, each power supply should 
be bypassed. 
This should be done by connecting 
a 101lF 
tantalum capacitor in parallel with a 1000pF ceramic capaci- 
tor from 
the +Vcc and -Vcc 
pins 
to the power 
supply 
common. 
The connection 
of these capacitors 
should be as 


close to the LOG 100 as practical. 


CAPACITIVE 
LOADS 


Stable operation is maintained 
with capacitive loads of up to 
100pF, typically. 
Higher capacitive 
loads can be driven if a 
22Q carbon resistor is connected in series with the LOG 100' s 
output. This resistor will, of course, form a voltage divider 
with other resistive loads. 


CIRCUIT 
PROTECTION 


The LOG 100 can be protected 
against 
accidental 
power 
supply reversal by putting a diode (lN4001 
type) in series 


with each power 
supply line as shown in Figure 
8. This 
precaution 
is necessary only in power systems that momen- 


tarily 
reverse 
polarity 
during 
turn-on 
or turn-off. 
If this 
protection 
circuit is used, 
the accuracy of the LOG 100 will 
be degraded slightly by the voltage drops across the diodes 
as determined 
by the power supply sensitivity 
spccifil:ation. 


The LOG I00 uses small geometry PET transistors to achieve 
the 
low 
input 
bias 
currents. 
Normal 
FET 
handling 
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techniques 
should be used to avoid damage caused by low 
energy electrostatic 
discharge 
(ESO). 


One of the more common 
uses of log ratio amplifiers 
is to 
measure 
absorbance. 
A typical 
application 
is shown 
in 
Figure 9. 


A' 
Absorbance 
of the sample is A = log ---'- 
(22) 


A, 


II 
If A.,= Al and 0, and 0, are matched A oc K log -. 
(23) 
12 


samPI/ 
D, 


A'DA' 


LOG100 


~ 


--'2 
14 


Source 
D2 


DATA COMPRESSION 


In many applications 
the compressive 
effects of the logarith- 
mic transfer 
function 
is useful. 
For example, 
a LOG100 
preceding 
an 8-bit analog-to-digital 
converter 
can produce 


equivalent 
20-bit converter 
operation. 


SELECTING 
OPTIMUM 
VALUES 
OF 12 AND K 


In straight log applications 
(as opposed to log ratio), both K 
and I, are selected 
by the designer. 
In order to minimize 


errors due to output offset and noise, it is normally 
best to 


scale the log amp to use as much of the ±JOV output range 
as possible. 
Thus, 
with 
the 
range 
of I, from 
I, MINto 
II MAX; 


For I, MAX 
+ 10V = K log I, MAXII, 
(24) 


For I, MIN 
- JOV = K log I, MINII, 
(25) 


Addition of these two equations and solving for 1, shows that 
its optimum value, 1,OPT'is the geometric 
mean of I, MAXand 


I'MIN' 


10 
KoPT=---- 
I'MAX 
log-- 
I,OPT 


Since K is selectable 
in discrete steps, use the largest value 
of K available 
which does not exceed KoPT' 


NEGATIVE 
INPUT CURRENTS 


The LOG 100 will function only with positive input currents 
(conventional 
current flow into pins I and 14). Some current 


sources 
(such 
as photomultiplier 
tubes) 
provide 
negative 
input currents. 
In such situations, 
the circuit in Figure 
10 
may be used.(I) 


VOLTAGE 
INPUTS 


The LOGlOO gives the best performance 
with current 
in- 
puts. Voltage 
inputs 
may be handled 
directly 
with series 


resistors, but the dynamic input range is limited to approxi- 
mately three decades of input voltage by voltage noise and 
offsets. The transfer function of equation (20) applies to this 
configuration. 


NOTE: 
(1) More detailed 
information 
may be found in "Properly 
Designed 
log 
Amplifiers Process Bipolar Input Signals" by Larry McDonald, EON, 5 Oct. 80, 
pp 99-102. 


K"" 
1 when VIN connected to pin 3. 


K z: 3 when VIN connected 
to pin 4. 


K"" 
5 when VIN connected 
to pin 5. 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 


Request Document 
Number 10412 


• 
LOW COST 


• 
DIFFERENTIAL 
INPUT 


• 
ACCURACY 
100% TESTED 
AND 
GUARANTEED 


• 
NO EXTERNAL 
TRIMMING 
REQUIRED 


• 
LOW NOISE: 
9OflVrms, 
10Hz to 10kHz 


• 
HIGHLY 
RELIABLE 
ONE-CHIP 
DESIGN 


• 
DIP OR TO-100 
TYPE PACKAGE 


• 
WIDE TEMPERATURE 
OPERATION 


The MPY100 
multiplier-divider 
is a low cost preci- 
sion device designed for general purpose application. 
In addition 
to four-quadrant 
multiplication, 
it also 
performs 
analog square root and division without the 
bother of external amplifiers or potentiometers. 
Laser- 


trimmed 
one-chip 
design 
offers 
the most in highly 


• 
MULTIPLICATION 


• 
DIVISION 


• 
SQUARING 


• 
SQUARE 
ROOT 


• 
LINEARIZATION 


• 
POWER 
COMPUTATION 


• 
ANALOG 
SIGNAL 
PROCESSING 


• 
ALGEBRAIC 
COMPUTATION 


• 
TRUE 
RMS-TO-DC 
CONVERSION 


reliable 
operation 
with 
guaranteed 
accuracies. 


Because 
of the internal 
reference 
and pre trimmed 
accuracies the MPY 100 does not have the restrictions 
of other low cost multipliers. 
It is available 
in both 
TO-IOO and DIP ceramic packages. 


BURR-BROWNe 
IElElI 


MPV100A 
MPV100BlC 
MPV100S 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


MULTIPLIER 
PERFORMANCE 
II 


Transfer 
Function 
(X, - X,llV, 
-V,) 
+z, 
'r 


10 


Total Error 
-10VSX, 
VS10V 


Initial 
T. = +2S'C 
±2.0 
±1.0/0.S 
±O.S 
% FSR 
vs Temperature 
-2S'C 
ST. 
S +SS'C 
±0.017 
±O.OS 
0.008l0.00S 
0.0210.02 
% FSRf'C 
vs Temperature 
-SS'C 
ST. 
S +12S'C 
±0.02S 
±O.OS 
% FSR/'C 
vs Supply(' I 
±O.OS 
'r 
% FSR/% 


Individual 
Errors 
Output Offset 
Initial 
T. = +2S'C 
±50 
±100 
±1017 
±SO/2S 
±7 
±SO 
mV 
vs Temperature 
-2S'C 
ST. 
S +SS'C 
±0.7 
±2.0 
±0.7/0.3 
±2.01±0.7 
mvrc 
vs Temperature 
-SS'C 
S T. S +12S'C 
±0.3 
±0.7 
mvrc 
vs Supplyl'} 
±0.2S 
'r 
mVrl. 


Scale Factor Error 
Initial 
T. = +2S'C 
±0.12 
'r 
% FSR 
vs Temperature 
-25°C 
s; TA S; +85°C 
±O.OOS 
'r 
% FSRf'C 
vs Temperature 
-SS'C 
S T. S +12S'C 
±O.OOS 
% FSRf'C 
vs Supplyl'} 
±O.OS 
'r 
% FSR % 


Nonlinearity 
X Input 
X • 20Vp-p; V • ±10VDC 
±O.OS 
'r 
%FSR 
V Input 
V = 20Vp-p: X • ±10VDC 
±O.OS 
'r 
%FSR 


Feedthrough 
I. 
50Hz 
X Inpul 
X = 20Vp-p; V. 
0 
100 
30130 
30 
mVp-p 
V Input 
V • 20Vp-p; X • 0 
6 
'r 
mVp-p 
vs Temperature 
-2S'C 
ST. 
S +SS'C 
0.1 
'r 
mVp-prC 
vs Temperature 
-SS'C 
S T. S 12S'C 
0.1 
mVp-p/'C 
vs Supplyl'} 
0.15 
'r 
mVp-prlo 


DIVIDER PERFORMANCE 
Transfer 
Function 
X, > X, 
10(z, - Z,) 
'r 
----+V 


(X, - X,) 
, 


Total Error (with 
X .10V 
external adjustments) 
-10V 
S Z S +10V 
±l.S 
±0.75/0.3S 
±0.3S 
% FSR 


X = 1V 


-lVSZS+1V 
±4.0 
±2.011.0 
±1.0 
% FSR 
+0.2V S X S +10V 
-10V 
S Z S +10V 
±S.O 
±2.5/1.0 
±1.0 
%FSR 


SQUARER 
PERFORMANCE 


Transfer 
Function 
(X, - X,)' 
'r 


--'0- 
+z, 


Total Error 
-10V 
S X S +10V 
I 
±1.2 
I 
±0.6/0.3 
±0.3 
% FSR 


SQUARE 
ROOTER 
PERFORMANCE 
Transfer 
Function 
2, <Z2 
+>I10(Z, 
Z,) + X, 
'r 


Total Error 
IV S Z S 10V 
±2 
±1/0.S 
±O.S 
% FSR 


AC PERFORMANCE 
Small-Signal 
Bandwidth 
550 
'r 
kHz 


% Amplitude 
Error 
Small-Signal 
70 
'r 
kHz 


% (0.57°) Vector Error 
Small-Signal 
5 
'r 
kHz 


Full Power Bandwidth 
IVol' 
10V, RL = 2kn 
320 
'r 
kHz 
Slew Rate 
IVol = 10V, RL = 2kn 
20 
'r 
V/JJS 


Settling Time 
E '" ±1%, tNo'" 
20V 
2 
'r 
JJS 


Overload 
Recovery 
50% Output Overload 
0.2 
'r 
JJS 


INPUT CHARACTERISTICS 
Input Voltage 
Range 


Rated Operation 
±10 
'r 
V 


Absolute 
Maximum 
±VCC 
'r 
V 


Input Resistance 
X, V, Z('} 
10 
'r 
Mil 


Input Bias Current 
X, V,Z 
1.4 
'r 
~ 


OUTPUT 
CHARACTERISTICS 
Rated Output 


Voltage 
10 = ±SmA 
±10 
'r 
V 
Current 
Vo = ±10V 
±S 
'r 
mA 
Output Resistance 
I. 
DC 
1.5 
'r 
n 
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SPECIFICATIONS 
(CO NT) 


MPY100A 
MPY100B/C 
MPY100S 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OUTPUT 
NOISE VOLTAGE 
X=Y=O 


fo = 1Hz 
6.2 
or 
~V1~ 


fo = 1kHz 
0.6 
or 
~V"'Hz 
IIf Corner Frequency 
110 
or 
Hz 
Ie = SHz to 10kHz 
60 
or 
J.lVrms 
Ie = SHz to SMHz 
1.3 
or 
mVrms 


POWER SUPPLY 
REQUIREMENTS 


Rated Voltage l 
±lS 
or 
VDC 
Operating 
Range 
Derated Performance 
±8.S 
±20 
or 
or 
VDC 
Quiescent 
Current 
±S.S 
or 
mA 


TEMPERATURE 
RANGE 
(Ambient) 


Specification 
-r 
-2S 
+8S 
or 
or 
-5S 
+12S 
°C 


Operating 
Range 
Derated Performance 
-SS 
+12S 
or 
or 
°C 
Storage 
~S 
+150 
or 
or 
°C 


• Same as MPYl DQA specification. 
·r BIC grades same as MPY100A 
specification. 
NOTES: (1) Includes effects of recommended 
null POts. (2) Z2 input resistance is 10Mn, typical, with Vos pin open. If Vos pin is grounded or used for optional offset 
adjustment, 
the Z2 input resistance 
may be as low as 25kn 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


MPY100AG 
14·Pin Ceramic 
DIP 
-2SOC to +8SoC 


MPY100AM 
Metal TO-I 00 
-25°C 
to +8S°C 
MPYlOOBG 
14·Pin Ceramic 
DIP 
-2SoC to +8SoC 
MPY100BM 
Metal TO-100 
-2SoC to +8SoC 


MPY100CG 
14-Pin Ceramic 
DIP 
-2SoC to +8SoC 


MPY100CM 
Metal TO-lOO 
-25°C 
to +85°C 


MPY100SG 
14-Pin Ceramic DIP 
-SsoC to +12SoC 


MPY100SM 
Metal TO-lOO 
-SsoC to +12SoC 


Supply.. 
. 
±20VDC 
Internal Power Dissipation(l) 
500mW 
Differential 
Input Voltagel2} 
±40VDC 
Input Voltage Rangel2} 
±20VDC 
Storage Temperature 
Range 
.. -65°C 
to +150°C 
Operating 
Temperature 
Range _.............................. 
-55°C 
to +125°C 
Lead Temperature 
(soldering, 
l0s) 
+300°C 
Output Short~circuit Duration(3) 
Continuous 
Junction Temperature.. 
. 
.. 
+1500C 


NOTES, 
(1) Package 
must 
be derated 
on 
0JC = lsoC/W 
and 
0JA 
• 


165°C/W 
for the metal package 
and 8JC '" 35°CIW 
and 8JA '" 220°CI 


W for the ceramic 
package. 
(2) For supply voltages 
less than ±20VDC, 
the absolute 
maximum 
input voltage 
is equal to the supply voltage. 
(3) 


Short~circuit 
may be to ground 
only. Rating 
applies 
to +85°C ambient 
for the metal 
package 
and +65°C for the ceramic 
package. 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl'} 


MPY100AG 
14~Pin Ceramic DIP 
169 


MPY100AM 
Metal TO-100 
007 


MPY100BG 
14-Pin Ceramic DIP 
169 


MPY100BM 
Metal TO-lOO 
007 


MPY100CG 
14-Pin Ceramic DIP 
169 


MPY100CM 
Metal TO-lOO 
007 


MPY100SG 
14~Pin Ceramic DIP 
169 


MPY100SM 
Metal TO-l00 
007 


The information 
provided 
herein is believed to be reliable; however, 
BURR- 


BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR- 


BROWN assumes no responsibility 
for the use of this information, 
and all use 
of such 
information 
shall 
be entirely 
at the user's 
own 
risk. 
PrIces and 


specifications 
are subject to change without notice. No patent rights or licenses 
to any of the circuits described herein are implied or granted to any third party. 
BURR-BROWN 
does not authorize or warrant any BURR-BROWN 
product for 
use in life support devices and/or systems. 


BURR-BROWN_ 
IE:lE:lI 
Burr-Brown Ie Data Book-Linear 
Products 


BURR - BROWN® 
IElElI 


ABRIDGED DATA SHEET 


For Complete Data Sheet 
Call FaxLlne 1-800-548-6133 
Request Document Number 10614 


Precision 
ANALOG 
MULTIPLIER 


• 
±O.25% max 4-QUADRANT 
ACCURACY 


• 
WIDE BANDWIDTH: 
1MHz min, 
3MHz typ 


• 
ADJUSTABLE 
SCALE 
FACTOR 


• 
STABLE 
AND RELIABLE 
MONOLITHIC 
CONSTRUCTION 


• 
LOW COST 


• 
PRECISION 
ANALOG 
SIGNAL 
PROCESSING 


• 
VIDEO SIGNAL 
PROCESSING 


• 
VOLTAGE 
CONTROLLED 
FILTERS 
AND 
OSCILLATORS 


• 
MODULATION 
AND DEMODULATION 


• 
RATIO AND PERCENTAGE 
COMPUTATION 


The MPY534 
is a high accuracy, 
general 
purpose 
four-quadrant 
analog 
multiplier. 
Its accurately 
laser 
trimmed transfer characteristics 
make it easy to use in 
a wide variety 
of applications 
with a minimum 
of 
external 
parts and trimming 
circuitry. 
Its differential 
X, Y and Z inputs allow configuration 
as multiplier, 


squarer, 
divider, 
square-rooter 
and other 
functions 


while maintaining 
high accuracy. 


The wide bandwidth 
of this new design allows accu- 
rate signal processing 
at higher frequencies 
suitable 
for video signal processing. It is capable of performing 
IF and RF frequency mixing, modulation and demodu- 
lation with excellent carrier rejection and very simple 
feedthrough 
adjustment. 


An accurate 
internal 
voltage reference 
provides 
pre- 


cise setting of the scale factor. The differential 
Z input 
allows user selected scale factors from 0.1 to 10 using 
external feedback 
resistors. 


f(X, - X2) (Y, - Y2) 
l 
VouT=Al 
SF 
-(Z,-Z2~ 


BURR-BROWN_ 
IElElI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


MPY534J 
MPY534K 
MPY534L 
MPY534S 
MPY534T 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


MULTIPLIER 
I 
I 


PERFORMANCE 
(X, - X,)(V, - V,) 


Transfer 
Function 
+l, 


10V 


Total Erro~l) 
(-10V 
S X, Y S +10V) 
±1.0 
±0.5 
±0.25 
±1.0 
% 


TA:: 
min to max 
±1.5 
±1.0 
±C.5 
±2.0 
±1.0 
% 


Total Error vs Temperature 
±0.022 
±0.015 
±C.OO8 
±0.02 
±C.Ol 
%rC 
scale 
Factor Error 


(SF = 10.000V Nominal)l2) 
±0.25 
±0.1 
±0.25 
% 


Temperature 
Coefficient 
of 
Scaling Vonage 
±0.02 
±0.01 
±0.005 
±0.02 
±C.C05 
%rC 


Supply Rejection (±15V ±1V) 
±0.01 
% 


Nonlinearity: 
X (X = 20Vp-p, V = 10V) 
±0.4 
±0.2 
±0.3 
±C.l0 
±0.12 
±0.4 
% 


Y (Y : 20Vp-p, X : 
10V) 
±0.01 
±0.1 
±0.005 
% 


Feedthrough(3) 


X (V Nulled, Y : 20Vp-p 
50Hz) 
±0.3 
±0.15 
±0.3 
±C.05 
±0.12 
±0.3 
% 
Y (X Nulled, V = 20Vp-p 
50Hz) 
±0.01 
±0.1 
±C.003 
% 
Output Offset Voltage 
±5 
±30 
±2 
±15 
±10 
±5 
±30 
mV 
Output Offset Voltage Driff 
200 
100 
500 
300 
~V/·C 


DYNAMICS 
Small Signal BW, 
'l:t 
(VOUT 
= O.lVrms) 
1 
3 
MHz 
M 
1% Amplitude 
Error 
It) 
(ClOAO 
: 
1000pF) 
50 
kHz 
> 
Slew Rate (VOUT 
= 20Vp-p) 
20 
VI~ 
Settling Time 
£l- 


(to 1%, t.VOUT 
: 
20V) 
2 
~ 
== 
NOISE 
Noise Spectral Density: 
SF: 
10V 
0.8 
~VNHz 
Wideband 
Noise: 
1 = 10Hz to 5MHz 
. 
1 
mVrms 
I: 
10Hz to 10kHz 
90 
~Vrms 


OUTPUT 
en 


Output Vonage Swing 
±11 
V 
Z 


Output Impedance 
(I S 1kHz) 
0.1 
n 
0 
Output Short Circuit Current 
i= 
(Rl = 0, TA = min to max) 
30 
mA 
Amplifier 
Open Loop Gain 
0 
(t : 50Hz) 
70 
dB 
Z 
INPUT AMPLIFIERS 
~ 
(X, Y and Z) 
Input Voltage Range 
U. 


Differential 
V1N (VCM 
= 0) 
±12 
V 
..J 


Common-Mode 
V1N 
±10 
V 
<t 
(V01FF 
= 0) (see Typical 
Performance 
Curves) 
(3 


Offset Voltage X, V 
±5 
±20 
±2 
±10 
±5 
±20 
mV 
W 
Offset Vollage 
Drift X, V 
100 
50 
100 
~VI"C 
£l- 
Offset Voltage Z 
±5 
±30 
±2 
±15 
±10 
±5 
±30 
mV 


Offset Voltage Drift Z 
200 
100 
500 
300 
~V/·C 
en 


CMRR 
60 
80 
70 
90 
60 
80 
dB 
Bias Current 
0.8 
2.0 
~A 
Offset Current 
0.1 
0.05 
0.2 
2.0 
2.0 
~ 


Differential 
Resistance 
10 
Mn 


DIVIDER PERFORMANCE 
Transfer 
Function (Xl> 
X2) 
. 
10V 
(Z, - Z,) + V 
(X, - X,) 
, 


Total Errori') 
(X = 10V, -10V 
S Z 


:S +10V) 
iO.lS 
±0.35 
:to.2 
:to.75 
% 
(X-1V,-1VsZ 


S+1V) 
±2.0 
±1.0 
±C.8 
±2.0 
% 
(O.lV S X S 10V, 


-10V 
S Z S 10V) 
±2.5 
±1.0 
±C.8 
±2.5 
% 


BURR-BROWNe 
113131 
Burr-Brown Ie Data Book-Linear 
Products 


MPY534J 
MPY534K 
MPY534L 
MPY534S 
MPY534T 


PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


SQUARE 
PERFORMANCE 


Transfer 
Function 
(X, - X,)' 
------;ov + Z, 


Total Error (-10V 
~ X ~ 10V) 
0.6 
I ±0.3 I 
±0.2 
±0.6 
% 


SQUARE-ROOTER 
PERFORMANCE 
~1OV(Z, - Z,) + 


Transfer 
Function (Z1 $ Z2) 
X, 


Total Erro~l) (lV 
~ Z ~ 10V) 
±1.0 
±0.5 
±O.25 
±1.0 
±0.5 
% 


POWER SUPPLY 
Supply Voltage: 


Rated Performance 
±15 
VDC 
Operating 
±8 
±18 
±20 
±20 
VDC 
Supply Current, Quiescent 
4 
6 
mA 


TEMPERATURE 
RANGE 


Operating 
0 
+70 
-55 
+125 
-55 
+125 
°C 
Storage 
-65 
+150 
°C 


·Specifications 
same as for MPY534K. 


NOTES: (1) Figures given are percent of full scale, ±10V (Le., 0.01% = 1mV). (2) May be reduced to 3V using external resistor between -Vs and SF. (3) Irreducible 
component due to nonlinearity; 
excludes effect of offsets. 


PARAMETER 
MPY534J, 
K, L 
MPY534S, T 


Power Supply Voltage 
±18 
±20 
Power Dissipation 
500mW 
Output Short-Circuit 
to Ground 
Indefinite 


Input Voltage (all X, Y and Z) 
±VS 


Operating Temperature 
Range 
O°C to +70°C 
-55°C 
to +125"C 


Storage Temperature 
Range 
-65°C 
to +150°C 
Lead Temperature 
(soldering, 
IDs) 
+300°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


MPY534JD 
Ceramic DIP 
169 


MPY534JH 
Metal TO-1 00 
007 
MPY534KD 
Ceramic DIP 
169 
MPY534KH 
Metal TO-1 00 
007 
MPY534LD 
Ceramic DIP 
169 
MPY534LH 
Metal TO-100 
007 
MPY534SD 
Ceramic DIP 
169 
MPY534$H 
Metal TO-l00 
007 
MPY534TD 
Ceramic 
DIP 
169 
MPY534TH 
Metal TO-100 
007 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


MPY534JD 
Ceramic 
DIP 
DoC to +70°C 
MPY534JH 
Metal TO-100 
aoc to +70OC 
MPY534KD 
Ceramic 
DIP 
DoC to +70°C 
MPY534KH 
Metal TO-1 00 
aoc to +70°C 
MPY534LD 
Ceramic DIP 
aoc to +70°C 
MPY534LH 
Metal TO-l00 
DoC to +70°C 
MPY534SD 
Ceramic DIP 
-55°C 
to +125°C 
MPY534SH 
Metal TO-100 
-55°C 
to +125°C 


MPY534TD 
Ceramic DIP 
-55°C 
to +125°C 


MPY534TH 
Metal TO-100 
-55°C 
to +125°C 


The information 
provided 
herein is believed to be reliable; however, 
BURR- 
BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR- 
BROWN assumes no responsibility 
for the use of this information, 
and all use 
of such 
information 
shall 
be entirely 
at the 
user's 
own 
risk. 
Prices 
and 


specifications 
are subject to change without notice. No patent rights or licenses 
to any of the circuits described herein are implied or granted to any third party. 
BURR-BROWN 
does not authorize or warrant any BURR-BROWN 
product for 


use in life support devices and/or systems. 


BURR - BROWNe 
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Products 
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BURR - BROWN® 
IElElI 


ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call FaxLine 1·800·548·6133 
Request Document 
Number 11019 


Wide Bandwidth 
SIGNAL MULTIPLIER 


• 
WIDE BANDWIDTH: 
75MHz - 
Current 
Output 
30MHz - 
Voltage 
Output 


• 
LOW NOISE 
• 
LOW FEEDTHROUGH: 
-60dB 
(5MHz) 


• 
GROUND-REFERRED 
OUTPUT 


• 
LOW OFFSET 
VOLTAGE 


The 
MPY600 
is a wide-bandwidth 
four-quadrant 


signal multiplier. 
Its output 
voltage 
is equal 
to the 
algebraic product of the X and Y input voltages. For 
signals 
up to 30MHz, 
the on-board 
output 
op amp 
provides 
the complete 
multiplication 
function 
with a 
low-impedance 
voltage 
output. 
Differential 
current 
outputs extend multiplier 
bandwidth 
to 75MHz. 


The MPY600 offers improved performance 
compared 
to common 
semiconductor 
modulator 
or multiplier 
circuits. It can be used for both two-quadrant 
(voltage- 
controlled 
amplifier) 
and 
four-quadrant 
(double- 


balanced) 
applications. 
While 
previous 
devices 
required cumbersome 
circuitry for trimming, 
balance 
and level-shifting, 
the MPY600 
requires no external 


components. 
A single external resistor can be used to 
program 
the conversion 
gain for optimum 
spurious- 


free dynamic range. When used as a modulator, carrier 
feedthrough 
measures -60dB 
at 5MHz. 


Differential 
X, Y and Z inputs can be connected 
in a 
variety 
of useful 
configurations, 
including 
squarer, 


divider, 
and square-rooter 
circuits. 
The MPY600 
is 
available in l6-pin plastic DIP, specified for the indus- 
trial temperature 
range. 


• 
MODULATOR/DEMODULATOR 


• 
VIDEO SIGNAL 
PROCESSING 


• 
CRT GEOMETRY 
CORRECTION 


• 
CRT FOCUS CORRECTION 


• 
VOLTAGE-CONTROLLED 
CIRCUITS 


X,:t>J 
Multiplier 
Core 
X2 
X 
~:f>J 
Ry:=J 
r 


IN 


Ala =(X,-X2)(Y'-Y2 
)mA 


BURR-BROWN~ 
IElElI 


For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


MPY600AP 


SPECIFICATION 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


INPUTS (X, Y, Z) 
Full-Scale Differential 
Input 


XrX2 
±1 
V 
Y'·Y2 
±2 
V 


Z,-z, 
±2 
V 


Input Voltage Range 
±2.2 
V 
Differential 
Input Range 
±2.5 
V 
Input Impedance 
100111.5 
kn II pF 
Input Offset Voltage 
±O.5 
±5 
mV 
Drift 
25 
~VI·C 


CMRR 
VCM = ±2V 
70 
dB 
PSRR 
70 
dB 
Input Bias Current (X, V) 
+15 
~ 
Z Input 
-15 
~ 


VOLTAGE 
OUTPUT 
(X,-X2)(V,-V2) 
Transfer Function 
Vo = 
2 
+ Z2 
V 


Total Multiplier Error(1) 
-lV 
~ X < 1V, -2V ~ V ~ 2V 
±15 
±25 
mV 


-2V ~ X ~ 2V, -2V < V < 2V 
±25 
.. 
mV 


Gain Error 
±1 
% 


Gain Temperature 
Drift 
±200 


I 


ppml"C 


Power Supply Rejection 
Vs =±4to 
±6V 
70 
dB 
Noise 
f = 1kHz to 30MHz 
120 
nVI 
Hz 


Output Voltage SWing 
RL = 100n 
±2.2 
±3 
V 


Output Current 
±22 
±30 
mA 


Short-Circuit 
Limit 
50 
mA 
Bandwidth 
Small Signal 
30 
MHz 
Slew Rate 
,.. 
150 
- 
V/~s 


Settling Time to 0.1 % 
4V Step 
150 
ns 


Differential Gain Error 
3.58MHz, 
0 to 0.7V 
0.2 
% 


Differential 
Phase Error 
3.58MHz, 0 to 0.7V 
0.2 
Degrees 


Capacitive 
Load, Max 
Stabie Operation 
100 
pF 
Feedthrough, 
X 
X = OdBm, f = 500kHz; V Nulled 
~5 
dB 


X = OdBm, f = 5MHz; V Nulled 
~o 
dB 
Feedthrough, 
V 
V = OdBm, f = 500kHz; X Nulled 
-70 
I 


dB 
V = OdBm, f = 5MHz; X Nulled 
-50 
I' 
dB 
Distortion, X 
X = OdBm, f = 500kHz, V = 2V 
~o 
dB 


X = OdBm, f = 5MHz, V = 2V 
-55 
dB 
Distortion, Y 
V = OdBm, f = 500kHz, X = 2V 
~5 
dB 


V = OdBm, f = 5MHz, X = 2V 
-55 
dB 


CURRENT 
OUTPUT 
Transfer Function 
lilo = (X, - X2)( V, - V2)/l000 
A 
Total Multiplier 
Erfort1) 
-1V<X< 
lV,-2V<V~2V 
±20 
±80 
~ 


-2V 
~ X < 2V, -2V < V < 2V 
±80 
~A 
Gain Error 
±1 
% 


Gain Temperature 
Drift 
±200 
ppml·C 


Power Supply Rejeclion 
Vs = ±4to 
±6V 
50 
dB 
Noise. Output 
100 
pAl,,!Hz 


Voltage Compliance 
Range 
±2.5 
V 
Peak Output Current 
5 
mA 
Noise, Input-Referred 
f = 1kHz to 75MHz 
50 
nV/,,!Hz 
Bandwidth, 
Small-Signal 
75 
MHz 
Settling Time to 0.1 % 
4mA Step 
150 
ns 
Feedthrough, 
X 
X = OdBm, f = 1MHz; V Nulled 
~5 
dB 


X = OdBm, f = 10MHz; V Nulled 
-45 
dB 
Feedthrough, 
V 
V = OdBm, f = 1MHz; X Nulled 
-75 
dB 
V = OdBm, f = 10MHz; X Nulled 
-55 
dB 
Distortion, X 
X = OdBm, f = 1MHz, V = 2V 
-55 
dB 


X = OdBm, f = 10MHz, V = 2V 
-50 
dB 
Distortion, Y 
V = OdBm, f = 1MHz, X = 2V 
~5 
dB 
V = OdBm, f = 10MHz, X = 2V 
-50 
dB 


POWER SUPPLY 
Rated Performance 
±5 
V 
Operating 
±4.75 
±8 
V 
Current 
±30 
±35 
mA 


TEMPERATURE 
RANGE 
Specified Temperature 
Range 
-25 
+85 
·C 


Storage Temperature 
Range 
-40 
+125 
·C 
Thermal 
Resistance, 
9J.A 
50 
·CIW 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
'103103' 


Or, Call CustomerService at 1·800·548·6132 (USA Only) 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Vo~age 
. 


Input Vo~age Range 
Op Amp Output Current . 
Operating Temperature 


Storage 
Temperature 
Junction 
Temperature 
Lead Temperature 
(soldering, 
10s) .. 


................................... 
±18V 


....... ±Vs 
.... 1oomA 
...• 125'C 
.150'C 


............• 
150'C 
....................................• 
300'C 


SPECIFIED 
TEMPERATURE 
MODEL 
PACKAGE 
RANGE 


MPY600AP 
16-Pin Plastic DIP 
-25'C 
to .85'C 


MODEL 


MPY600AP 


PACKAGE 
DRAWING 
NUMBER(') 


180 


PACKAGE 


16-Pin Plastic DIP 


10 


iDE 


<= 
'iij 
e> 


-10 


-20 


10k 
1M 


Frequency (Hz) 


lOOk 
1M 


Frequency (Hz) 


PIN CONFIGURATION 


Top View 
DIP 


Voltage Output 
Vo 
.Current 
Output 


2, Input 
2, 
-Current 
Output 


2, Input 
2, 
NC 


Y, Input 
Y, 
X, 
X,lnput 


Y-GainAdj. 
Ry 
NC 


Y-GainAdj. 
Ry 
NC 


Y, Input 
Y, 
X,lnput 


+Vs Power 
,Vs 
-VsPower 


20 


iDE 
10 
~ 
> 
§ 
> 


-10 


-20 


10k 
1M 


Frequency (Hz) 


35 


30 


iD 
25 
E 


l!?" 
20 
Clu: 
:g 
15 
'0z 


10 


5 
1 
10 
100 
1000 


R y Resistance (n) 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility for inaccuracies 
oromissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any oftha circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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For Complete 
Data Sheet 


Call FaxLine 1-800-548-6133 
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Wide Bandwidth 
PRECISION 
ANALOG 
MULTIPLIER 


• 
WIDE BANDWIDTH: 
10MHz typ 


• 
±O.5% 
MAX FOUR-QUADRANT 
ACCURACY 


• 
INTERNAL 
WIDE-BANDWIDTH 
OP AMP 


• 
EASY TO USE 


• 
LOW COST 


• 
PRECISION 
ANALOG 
SIGNAL 
PROCESSING 


• 
MODULATION 
AND DEMODULATION 


• 
VOLTAGE-CONTROLLED 
AMPLIFIERS 


• 
VIDEO SIGNAL 
PROCESSING 


• 
VOLTAGE-CONTROLLED 
FILTERS 
AND 
OSCILLATORS 


The MPY634 
is a wide bandwidth, 
high accuracy, 


four-quadrant 
analog multiplier. 
Its accurately 
laser- 
trimmed multiplier characteristics 
make it easy to use 
in a wide variety of applications 
with a minimum 
of 
external parts, often eliminating 
all external trimming. 
Its differential 
X, Y, and Z inputs allow configuration 
as a multiplier, 
squarer, 
divider, 
square-rooter, 
and 
other functions 
while maintaining 
high accuracy. 


The wide bandwidth 
of this new design allows signal 
processing 
at IF, RF, 
and video 
frequencies. 
The 
internal 
output 
amplifier 
of the 
MPY634 
reduces 


design complexity 
compared 
to other high frequency 


multipliers 
and 
balanced 
modulator 
circuits. 
It is 


capable 
of performing 
frequency 
mixing, 
balanced 
modulation, 
and demodulation 
with excellent 
carrier 
rejection. 


An 
accurate 
internal 
voltage 
reference 
provides 


precise setting of the scale factor. The differential 
Z 
input allows user-selected 
scale factors from 0.1 to 10 


using external feedback resistors. 


Transfer Function 


Vour • A px,-x,~;,-Y,) 
_ (Z,- 
Z,)] 


Precision 


Output 
OpAmp 


BURR-BROWN_ 
,ElEI, 


Or, Call Customer Service at 1·800·548·6132 
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SPECIFICATIONS 


ELECTRICAL 


At T" = +25°C 
and Vs = ±15VDC, 
unless otherwise 
noted. 


MPY634KPIKU 
MPY634AM 
MPY634BM 
MPY634SM 


MODEL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


MULTIPLIER 
I 
I 


PERFORMANCE 
(X, - X,) (Y, - V,) 
Transfer 
Function 
10V 
+l, 


Total 
Erro,.<1) 


(-10V ~ X, Y ~ +10V) 
±2.0 
±1.0 
±0.5 
"10 


TA = min to max 
±2.5 
±1.5 
±1.0 
±2.0 
"10 


T otaJ Error 
V$ Temperature 
I 
±0.03 
±O.022 
±0.015 
±0.02 
"Iorc 


SCale Factor 
Error 


(SF. 
10.000V Nominal)12) 
±0.25 
±0.1 
"10 


Temperature 
Coefficient 
of 
Scaling Voltage 
±0.02 
±0.01 
±0.01 
"Iorc 
Supply Rejection (±15V ±W) 
±0.01 
"10 


Nonlinearity 
X (X. 
20Vp-p, Y = 10V) 
±0.4 
0.2 
±0.3 
"10 


V (V = 20Vp-p, X = 10V) 
±O.Ol 
±0.1 
"10 


Feedthrough(3) 


X (V Nulled, X = 20Vp-p, 50Hz) 
±O.3 
±0.15 
±0.3 
"10 


V (X Nulled, V • 20Vp-p, 50Hz) 
±0.01 
±0.1 
"10 


Both Inputs (500kHz, Wrms) 
Unnulled 
40(4) 
50 
45 
55 
60 
dB 


Nulled 
55(4) 
60 
55 
65 
60 
70 
dB 


Output Offset Vottage 
±50 
±100 
±5 
±30 
±15 
mV 
Output Offset Voltage Drift 
±200 
±100 
±500 
Ilvrc 


DYNAMICS 
Small Signal BW, 
.qo 


(VOUT 
= O.Wrms) 
6(4) 
8 
10 
6 
MHz 
M 
1% Amplitude 
Error 
CD 
(CLOAD' 
1000pF) 
100 
kHz 
> 
Slew Rate (VOUT = 20Vp-p) 
20 
V/IlS 
a. 


Settling Time 


(to 1"10, I1VQUT= 20V) 
2 
!J.S 
:E 


NOISE 


Noise 
Spectral 
Density: 


SF .10V 
0.8 
IlVl'i'Hz 


Wideband 
Noise: 


f = 10Hz to 5MHz 
1 
mVrms 
f. 
10Hz to 10kHz 
90 
j.lVrms 
U) 


OUTPUT 
Z 


Output Voltage Swing 
±11 
V 
0 
Output Impedance (I ~ 1kHz) 
0.1 
il 
i= 
Output 
Short Circuit Current 


(RL = 0, TA = min to max) 
30 
mA 
0 


Amplifier 
Open 
Loop Gain 
Z 
(I = 50Hz) 
85 
dB 
::::) 


INPUT AMPLIFIERS 
(X, Y and Z) 
LL 
Input Voltage Range 
..J 


Differential 
V1N (VCM 
'" 0) 
±12 
V 
Common-Mode 
V1N (V01FF 
"'" 0) 
±10 
V 
< 


(see Typical Perfonnance 
Curves) 
0 
Offset Vottage X, V 
±25 
±100 
±5 
±20 
±2 
±10 
mV 
Offset Voltage Drift X, V 
200 
100 
50 
Ilvrc 
W 


Offset Voltage Z 
±25 
±100 
±5 
±30 
±2 
±15 
mV 
a. 


Offset Voltage Drift Z 
200 
100 
500 
Ilvrc 
U) 


CMRR 
60 
80 
70 
90 
dB 
Bias Current 
0.8 
2.0 
!J.A 


Offset Current 
0.1 
2.0 
!J.A 


Differential 
Resistance 
10 
Mil 


DIVIDER PERFORMANCE 
10V (Z,-Z,) 
+Y 
Transfer 
Function 
(X, > X2) 


Total 
Error(1) untrimmed 
I(:'0~7:') I 
' 
(X. 
10V, -10V 
~ Z ~ +10V) 
1.5 
±0.35 
±0.75 
"10 


(X .W, 
-lV 
~ Z ~ +lV) 
4.0 
±2.0 
±1.0 
"10 
(O.lV~ X ~ 10V, -10V 
~ Z ~ 10V) 
5.0 
±2.5 
±1.0 
"10 


SQUARE PERFORMANCE 
eX, -x"l' 


Transfer 
Function 
~+z., 


Total Error (-10V ~ X ~ 10V) 
±1.2 
I 
±06 
I 
±0.3 
"10 


BURR - BROWN<!I 
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SPECIFICATIONS 
(CONT) 
ELECTRICAL 


At TA:::: +25°C and Vs = ±15VDC, 
unless otherwise noted. 


MPY634KPIKU 
MPY634AM 
MPY634BM 
MPY634SM 


MOOEL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


SQUARE-ROOTER 
, 


PERFORMANCE 
'10V 
(Z, 
21) +X2 


Transfer Function (Z, $ 22) 
Total Erro~') (1V S Z S 10V) 
±2.0 
±1.0 
±D.5 
% 


POWER SUPPLY 
Supply Voltage: 


Rated Performance 
±15 
VDC 


Operating 
±8 
±18 
±20 
VDC 


Supply Current, Quiescent 
4 
6 
mA 


TEMPERATURE 
RANGE 


Specification 
*(5) 
*(5) 
-25 
+85 
-55 
+125 
'C 
Storage 
-40 
+85 
-{is 
+150 
'C 


•.Specification 
same as for MPY634AM. 


NOTES: (1) Figures given are percent of fuli scale, ±10V (I.e., 0.01% = 1mV). (2) May be reduced to 3V using extemal resistor between -Vs and SF. (3) Irreducible 
component due to nonlinearity; 
excludes effect of offsets. (4) KP grade only. (5) KP grade only. O'C to +70'C for KU grade. 


PARAMETER 
MPY634AMlBM 
MPY634KPIKU 
MPY634SM 


Power Supply Voltage 
±18 
±20 
Power Dissipation 
SOOmW 
Output Short-Circuit 
to Ground 
Indefinite 


Input Voltage ( ali X, 


Yand 
Z) 
±Vs 


Temperature 
Range: 


Operating 
-25OCt+85'C 
-55'Ct+ 
125'C 
Storage 
-{i5'Ct+ 
150'C 
-40'Ct+85'C 
Lead Temperature 
(soldering, 
105) 
+300'C 
SOIC 'KU' Package 
+260'C 


PACKAGE 
ORAWING 
MODEL 
PACKAGE 
NUMBER!') 


MPY634KP 
14-Pin PDIP 
010 
MPY634KU 
16-Pin SOIC 
211 
MPY634AM 
TO-100 
007 


MPY634BM 
To-1oo 
007 
MPY634SM 
TO-1oo 
007 


16 
+Vs 


NC 


Output 


Z, Input 


Z, Input 


NC 


-Vs 


NC 


MPY634 
( 
) 
Basic Model Number 
~ 
I 
Performance 
Grade(1),---------~ 


K: -25'C 
to +85'C CU' package O'C to +70'C) 


A: -25'C 
to +85'C 
B: -25'C 
to +85'C 


S: -55'C 
to +125'C 


Package Code 
-----------------' 
M: TO·100 Metai 
P: Plastic 14-pin DIP 
U: 16-pin SOIC 


NOTE: (1) Perlormance 
grade identifier may not be marked on the SOIC 
package; a blank denotes "K- grade. 


The information 
provided 
herein is believed to be reliable; 
however, 
BURR- 


BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR· 


BROWN assumes no responsibility 
for the use of this information, 
and all use 


of such 
information 
shall 
be entirely 
at the 
user's 
own 
risk. 
Prices 
and 
specifications 
are subject to change without notice. No patent rights or licenses 


to any of the circuits described herein are implied or granted to any third party. 
BURR-BROWN 
does not authorize or warrant any BURR-BROWN 
product for 
use in life support devices and/or systems. 


BURR· 
BROWN'3 
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TYPICAL PERFORMANCE CURVES 


~ 
~ 
1.25 


.~ 


Q) 
<:> 


FEEDTHROUGHvsFREQUENCY 
-20 


iD 
l;!. 
c 
-40 
0 
.~ 


:::I 
C 
Q) 
Ji 
-ll0 
~ 
g>~ 
~ 
-ll0 


Q) 
LL 


-100 


100 
lk 
10k 
lOOk 
1M 
10M 
100M 


Frequency (Hz) 


90 


80 


70 


iD 
60 


l;!. 
50 
II: 
II: 
40 
::; 
0 
30 


20 


IIIII 
T1i+WJ 


IIIII 
II IIIII"~ 
Typical for all inputs ./ 


"'" 
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10 
o 


100 
100M 


Frequency (Hz) 


i 
~ 
0.75 
.'"o 
Z 


lk 


Frequency (Hz) 


10 


iD 
l;!. 
~ 
~ -10 
II: 
'5 
% 
0 
-20 


-30 


1k 
10k 
100k 
1M 
10M 
100M 


Frequency (Hz) 


-50 


iD 
l;!. 
c 
0 
~ 


-j)Q 
c 
Q)=«~ 
g>~ -70 
~ 
Q) 
LL 


• 


Iv = 500kHz 
Vx = nulled 


•.••...•. 
----V 
- 
- 
'nulled 
at 25°C 


I 


-ll0 


-j)Q 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


Temperalure 
(OC) 


60 


iD 


40 


l;!. 
>N 
~ 
20 


~ 
:::I0 
0 


100k 
1M 


Frequency (Hz) 


-- 


BURR - BROWN® 
113131 


Wide-Bandwidth, 
DC RESTORATION 
CIRCUIT 


• 
PROPAGATION 
DELAY: 
2.2n5 


• 
BANDWIDTH: 
OTA: 750MHz 
Comparator: 
280MHz 


• 
LOW INPUT BIAS CURRENT: 
-o.3~A 


• 
SAMPLE/HOLD 
SWITCHING 
TRANSIENTS: 
+1/-7mV 


• 
SAMPLE/HOLD 
FEEDTHROUGH 
REJECTION: 
100dB 


• 
CHARGE 
INJECTION: 
40fC 


• 
HOLD COMMAND 
DELAY TIME: 3.8n5 


• 
TTUCMOS 
HOLD CONTROL 


The SHC615 
is a complete 
subsystem 
for very fast 
and precise DC restoration, 
offset clamping, 
and low 
frequency 
hum suppression 
of wideband amplifiers or 
buffers. 
Designed 
to stabilize 
the 
performance 
of 
video signals, 
it can also be used as a samplelhold 
amplifier, 
high-speed 
integrator, 
or peak detector for 
nanosecond 
pulses. 
A 
wideband 
Operational 
Transconductance 
Amplifier 
(OTA) with a high-im- 
pedance cascode current source output and fast sam- 
pling comparator 
set a new standard 
for high-speed 
applications. 
Both can be used as stand-alone 
circuits 
or combined 
to form a more complex 
signal process- 
ing stage. The self-biased, 
bipolar OTA can be viewed 
as an ideal voltage-controlled 
current 
source and is 


APPLICATIONS 


• 
BROADCAST/HDTV 
EQUIPMENT 


• 
TELECOMMUNICATIONS 
EQUIPMENT 


• 
HIGH-SPEED 
DATA ACQUISITION 


• 
CAD MONITORS/CCD 
IMAGE 
PROCESSING 


• 
NANO SECOND PULSE INTEGRATOR! 
PEAK DETECTORS 


• 
PULSE CODE MODULATOR! 
DEMODULATOR 


• 
COMPLETE 
VIDEO DC LEVEL 
RESTORATION 


• 
SAMPLE/HOLD 
AMPLIFIER 


optimized 
for low input bias current. 
The sampling 
comparator 
has two identical 
high-impedance 
inputs 


and a current source output optimized 
for low output 
bias current and offset voltage; it can be controlled 
by 


a TIL-compatible 
switching 
stage 
within 
a few 
nanoseconds. 
The transconductance 
of the OT A and 
sampling 
comparator 
can be adjusted 
by an external 
resistor, 
allowing 
bandwidth, 
quiescent 
current, 
and 
gain tradeoffs 
to be optimized. 


The SHC615 is available in SO-14 surface mount and 
14-pin plastic 
DIPs, 
and is specified 
over the ex- 
tended temperature 
range of -40°C 
to +85°C. 


0· 
_ 


l__ 
~~~~i~~ .i 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 


DC SPECIFICATIONS 


SHC615AP, 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


OFFSET VOLTAGE, 
V. at VB= 0 
Initial 
8 
±40 
mV 


vs Temperature 
40 
/lVrC 


vs Supply (tracking) 
Vcc = ±4.5V to ±5.5V 
50 
55 
dB 


B-INPUT BIAS CURRENT 
Initial 
-1l.3 
±O.9 
JlA 


V$ Temperature 
1 
nArC 


C·OUTPUT 
BIAS CURRENT, 
Ie at VB = 0 
Initial 
-200 
-77 
+100 
JlA 


B-INPUT IMPEDANCE 
4.4 
Mil 


INPUT NOISE 
Voltage Noise Density, B-to-E 
fOUT 
= , OOkHzto 100MHz 
2.2 
nV/-JHz 


Voltage Noise Density, B-to-C 
fOUT 
= , OOkHzto 100MHz 
4.5 
nV/'i'Hz 


INPUT VOLTAGE 
RANGE 
±3.4 
V 


OUTPUT 
Output Voltage Compliance 
±3.2 
V 
C-Current Output 
±18 
±20 
mA 


E-Current Output 
±18 
±20 
mA 
C-Outputlmpedance 
0.5 
Mil 


E-Output Impedance 
12 
il 


Open-Loop 
Gain 
96 
dB 


TRANSCONDUCTANCE 
Small Signal, <200m V 
70 
mAN 


A ELECTROSTATIC 


~DISCHARGE 
SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated circuits be handled with ap- 
propriate precautions_ Failure to observe proper handling and 
installation 
procedures 
can cause damage_ 


ESD damage can range from subtle performance 
degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet published speci- 
fications. 


The 
information 
provided 
herein 
is believed 
to be reliable: 
however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are 


subject to change without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant any BURR·BROWN 
product for use in life support devices and/or systems. 
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DC SPECIFICATIONS 
(CONT) 


SHC615AP, 
AU 
I 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
UNITS 


INPUT BIAS CURRENT 


Initial 
1.0 
±5 
I1A 


vs Temperature 
-2.3 
nAl"C 


C-DUTPUT 
BIAS CURRENT 
Initial 
±10 
±SO 
I1A 


vs Temperature 
±13 
nAI"C 


INPUT IMPEDANCE 
Input Impedance 
0.2 
Mn 


INPUT NOISE 


Voltage 
Noise 
Density 
four: 
100kHz to 100MHz 
5 
nV/'I'Hz 


INPUT VOLTAGE 
RANGE 
Input Voltage Range 
±3.0 
V 


Common-Mode 
Input Range 
±3.2 
V 


OUTPUT 
Output Voltage 
Compliance 
±3.5 
V 
C-Current 
Output 
±2.5 
±3.2 
mA 


C-Output Impedance 
620112 
kQlI 
pF 
Open-Loop 
Gain 
83 
dB 


TRANSCONDUCTANCE 
Transconductance 
22 
mAN 


HOLD CONTROL 
Logic 1 Voltage 
+2 
+Vcc +0.6 
V 
Logic 0 Voltage 
0 
0.8 
V 
Logic 1 Current 
V Hold Control: 
5.0V 
1 
I1A 


Logic 0 Current 
V Hold Control = 0.8V 
0.05 
I1A 


TRANSFER 
CHARACTERISTICS 


Charge Injection 
Track-To-Hold 
40 
fC 
Feedthrough 
Rejection 
Hold Mode 
-100 
dB 


POWER SUPPLY 
Rated Voltage 
±5 
V 


Derated 
Perlormance 
±4.5 
±5.5 
V 


Quiescent 
Current 
Aa: 
300n 
±12 
±15 
±18 
mA 


Quiescent 
Current 
Range 
Programmable 
(Useful Range) 
±3to±36 
mA 


TEMPERATURE 
RANGE 


Operating 
-40 
+85 
°C 


Storage 
-40 
+125 
°C 


BURR-BROWNe 
IEngl 
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AC SPECIFICATIONS 


I 
SHC615AP. 
AU 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FREQUENCY 
DOMAIN 


OTA 


LARGE-SIGNAL 
BANDWIDTH 
Vour = 5.0Vp-p 
430 
MHz 


(-3<IB), (B-lo-E) 
Vour = 2.8Vp-p 
540 
MHz 
Vour = 1.4Vp-p 
620 
MHz 


SMALL-SIGNAL 
BANDWIDTH 
B-TD-E 
Vour = 0.2Vp-p 
520 


" 


MHz 


DIFFERENTIAL 
GAIN (B-TO-E) 
f = 4.43MHz, Vour' 
O.7Vp-p, 


F\ = 150n 
1.8 
% 


RL = soon 
0.1 
% 


DIFFERENTIAL 
PHASE 
f = 4.43MHz, Vour = 0.7Vp-p, 
,. 


RL = 150n 
0.07 


0 


(B-TO-E) 
RL = soon 
0.01 


0 


HARMONIC 
DISTORTION 
(B-TO-E) 
f = 30MHz, Vour = 1.4Vp-p 
Second Harmonic 
)~ 


--50 
! 


dBc 


Third Harmonic 
-46 
dBc 


LARGE SIGNAL 
BANDWIDTH 
(-3dB), 
(B-lo-C) 
VOUT 
= 5.0Vp-p 
250 
MHz 
VOUT = 2.8Vp-p 
580 
MHz 
VOUT 
= 1.4Vp·p 
750 
MHz 


SMALL 
SIGNAL 
BANDWIDTH 
B-lo-C 
VoUT·0.2Vp-p 
680 
MHz 


COMPARATOR 
Sample Mode 
II) 


BANDWIDTH 
lour = 4mAp-p 
240 
MHz 
,.... 


(-3<IB) 
lour = 2mAp-p 
270 
MHz 
<0 
lour • 1mAp-p 
280 
MHz 
0 


TIME DOMAIN 
:t: 


OTA 
CJ) 


RISE TIME 
2Vp-p Step, 10% to 90% 


B-to-E 
1.1 
ns 


B-to-C 
1.2 
ns 


SLEW RATE 
2Vp-p, B-to-E 
1800 
V/IJS 
B-to-C 
1700 
V/IJS 
CJ) 
5Vp-p,B-to-E 
3300 
V/IJS 
Z 
B-to-C 
3000 
V/IJS 
0 
COMPARATOR 
- 


~ 
RISE TIME 
10% to 90%, RL = 500., lOUT- ±2mA 
0 
(Sample Mode) 
CLOAO"" 
1pF 
2.5 
ns 
Z 
SLEW RATE 
10% 10 90%, RL = son, lour • ±2mA 
::) 
(Sample Mode) 
CLOAO 
= IpF 
0.95 
mNns 


DYNAMIC 
CHARACTERISTICS 
La. 


Propagation 
Delay Time 
tpDH• 
Voa = 200mV 
2.2 
ns 
..J 


Propagation 
Delay Time 
tpOL' 
Voa"" 200mV 
2.15 
ns 
~ 
Delay Time 
Sample-la-Hold 
3.8 
ns 
Hold-lo·Sample 
3.0 
ns 
0 


BURR-BROWNe 
1E3E31 
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Power Supply Voltage (±Vcc).. 
. 
±6V 
Input Vo~age(l) 
. 
±Vcc ±0.7V 
Operating Temperature. 
. 
-40°C 
to +85°C 
Storage Temperature.. 
. ..-40°C 
to +125°C 
Junction Temperature 
+150°C 
Lead Temperature 
(soldering, 
1os) 
+300°C 
Hold Control.. 
. 
--o.5V to +Vcc +O.7V 


NOTE: (1) Inputs are internally diode-clamped 
to ±Vcc. 


10Adjust 
• 


Emitter, E 


Base, B 


CHOlD 


-Vcc 


NC 


Hold Control 


10Adjust 


OTA-Emitter 
OTA-Base 
CHOLD 
-5V Supply, Analog 
-5V 
Supply, Digital 
Hold Control 
Ground 
StH In+ 
StH In- 
lOUT,OTA-Colleetor 
+5V Supply, Analog 
+5V Supply, Digital 


MilS 
(0.001 ") 
MilliMETERS 


Die Size 
73x81,±5 
1.86 x 2.06, ±0.13 


Die Thickness 
14,±1 
0.55, ±0.025 
Min. Pad Size 
4x4 
0.10xO.l0 
Backing: Titanium 
0.02, +0.05, -j).0 
0.0005, +0.0013, -j).0 


Gold 
0.30, ±0.05 
0.0076, ±0.0013 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER(1) 


SHC615AP 
Plastic 14-Pin DIP 
010 
SHC615AU 
SO 14-Pin Surface Mount 
235 


MODEL 
PACKAGE 
TEMPERATURE 


SHC615AP 
Plastic 14-Pin DIP 
-40·C 
to +85·C 


SHC615AU 
SO 14-Pin Surface Mount 
-40°C 
to +85°C 


Emitter 


8 
NC 
Hold 
Control 


Collector 


StH 
(lOUT) 


In+ 
Biasing 
10Adjust 
StH 
In- 


BURR-BROWN<lI 
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TYPICAL PERFORMANCE CURVES 


E~ 
-ll.3 
o 
-ll.4 


.~ 
<II 


100 
<.s 
.2 
E 
~ 
0 
10 
<= 
.i" 
0 
••;§ 


.•....••... 
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The 
SHC615, 
which 
contains 
a wideband 
Operational 
Transconductance 
Amplifier 
and a fast sampling compara- 
tor, represents 
a complete 
subsystem 
for very 
fast 
and 
precise 
DC restoration, 
offset clamping 
and correction 
to 
GND or to an adjustable 
reference 
voltage, 
and low fre- 
quency hum suppression 
of wideband 
operational 
or buffer 
amplifiers. 


Although 
the IC was designed 
to improve 
or stabilize 
the 
performance 
of complex, wideband video signals, it can also 
be used as a sample and hold amplifier, high-speed 
integra- 
tor, peak detector for nanosecond 
pulses, or demodulator 
or 
modulator for pulse code transmission 
systems. A wideband 
Operational Transconductance 
Amplifier (OT A) with a high- 
impedance 
cascode 
current 
source 
output 
and a fast and 
precise 
sampling 
comparator 
set a new standard 
for high- 
speed sampling 
applications. 


Both can be used as stand-alone 
circuits 
or combined 
to 
create more complex 
signal processing 
stages like sample 
and hold amplifiers. 
The SHC6l5 
simplifies 
the design of 
input amplifiers 
with high hum suppression, 
clamping 
or 
DC-restoration 
stages in professional 
broadcast 
equipment, 
high-resolution 
CAD monitors 
and information 
terminals, 
signal processing 
stages for the energy and peak value of 
small and fast nanoseconds 
pulses, and eases the design of 
high-speed data acquisition systems behind a CCD sensor or 
in front of an analog-to-digital 
converter. 


An external resistor, ~, 
allows the user to set the quiescent 
current. ~ 
is connected 
from Pin I (~ adjust) to -Vcc' It 
determines 
the operating 
currents 
of both the OTA 
and 
comparator 
sections 
and controls 
the bandwidth 
and AC 
behavior 
as well as the transconductance 
of both sections. 
Besides 
the quiescent 
current 
setting feature, 
the Propor- 
tional-to-Absolute- 
Temperature 
cPTAT) supply increases the 
quiescent current vs temperature 
and keeps it constant over 
a wide range of input voltages. 
This variation 
holds the 
transconductance 
gmof the OTA and comparator 
relatively 
constant vs temperature. 
The circuit parameters 
listed in the 
specification 
table are measured with ~ 
set to 300Q, giving 
a nominal 
quiescent 
current at ±15mA. 
The circuit can be 
totally switched-off 
with a current flowing into Pin I. 


OPERATIONAL 
TRANSCONDUCTANCE 
AMPLIFIER (OTA) 


SECTION 
AND OVERVIEW 


The symbol 
for the OT A section 
is similar 
to that of a 
bipolar transistor, and the self-based OTA can be viewed as 
a quasi-ideal 
transistor 
or as a voltage-controlled 
current 
source. Application 
circuits for the OT A look and operate 
much like transistor circuits-the 
bipolar transistor, 
also, is 
a voltage-controlled 
current source. Like a transistor, 
it has 
three terminals: a high-impedance 
input (base) optimized for 
a low input bias current of O.3f.IA,a low-impedance 
inputi 


The OTA consists of a complementary 
buffer amplifier and 
a subsequent 
complementary 
current 
mirror. 
The 
buffer 
amplifier features a Darlington 
output stage and the current 
mirror has a cascoded 
output. The addition of this cascode 
circuitry 
increases 
the current 
source output 
resistance 
to 
IMil 
and the open-loop 
gain to typically 
96dB. Both fea- 
tures improve the OTAs linearity and drive capabilities. 
Any 
bipolar 
input voltage 
at the high impedance 
base has the 
same polarity and signal level at the low impedance 
buffer 
or emitter output. For the open-loop 
diagrams the emitter is 
connected 
to GND and then the collector 
current is deter- 
mined 
by the product 
voltage 
between 
base and emitter 
times the transconductance. 
In application 
circuits (Figure 
2b.), a resistor RE between emitter and GND is used to set 
the OT A transfer 
characteristics. 
The following 
formulas 
describe 
the most important 
relationships. 
rE is the output 
impedance of the buffer amplifier (emitter) or the reciprocal 
of the OTA transconductance. 
Above ±SmA, collector cur- 
rent, Ie, will be slightly less than indicated 
by the formula. 


VIN 
VIN 
Ie=--- 
RE=---rE 
rE +RE 
Ie 


The 
RE resistor 
may 
be bypassed 
by a relatively 
large 
capacitor 
to maintain high AC gain. The parallel combina- 
tion of RE and this large capacitor 
form a high pass filter 
enhancing the high frequency gain. Other cases may require 
a RC compensation 
network parallel to RE to optimize 
the 
high-frequency 
response. 
The full power bandwidth 
mea- 
sured at the emitter 
achieves 
620MHz. 
The frequency 
re- 
sponse of the collector 
is directly 
related 
to the resistor's 
value between collector and GND; it decreases with increas- 
ing resistor values, because it forms a low-pass network with 
the OTA C-output capacitance. 


Figure 
I shows a simplified 
block and circuit 
diagram 
of 
the 
SHC6l5 
OTA. 
Both 
the 
emitter 
and 
the 
collector 
outputs offer a drive capability 
of ±20mA 
for driving 
low 
impedance 
lines or inputs. Connecting 
the collector 
to the 
emitter in a direct-feedback 
buffer configuration 
increases 
the drive capability 
to ±40mA. 
The emitter 
output 
is not 
current-limited 
or protected. 
Momentary 
shorts 
to GND 
should 
be avoided, 
but are unlikely 
to cause 
permanent 
damage. 


While 
the OT A' s function 
and labeling 
looks similar 
to 
that of transistors, 
it offers essential 
distinctive 
differences 
and improvements: 
I) The collector 
current 
flows out of 
the C terminal 
for a positive B-to-E input voltage and into 
it for negative 
voltages; 
2) A common 
emitter 
amplifier 
operates 
in non-inverting 
mode while 
the common 
base 
operates 
in inverting 
mode; 3) The OTA is far more linear 
than a bipolar 
transistor; 
4) The transconductance 
can be 
adjusted 
with an external 
resistor; 
5) Due to the PTAT 
biasing 
characteristic 
the quiescent 
current 
increases 
as 
shown 
in the typical 
performance 
curve 
vs temperature 
and keeps the AC performance 
constant; 
6) The OTA is 
self-biased 
and bipolar; 
and, 7) The output current 
is zero 
for zero differential 
input voltages. 
AC inputs centered 
at 
zero produce 
an output current 
centered 
at zero. 
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(A) Common 
Emitter 
Amplifier 


Transconductance 
varies 
over temperature. 


(B) Common-E Amplifie, 


Transconductance 
remains 
constant 
over temperature. 


FIGURE 2. a) Common Emitter Amplifier Using a Discrete Transistor; b) Common-E 
Amplifier Using the OTA Portion of the 


SHC615. 


BASIC APPLICATIONS 
CIRCUITS 


Most application 
circuits for the OTA section consist of a 


few basic types which are best understood 
by analogy 
to 
discrete 
transistor 
circuits. 
Just as the transistor 
has three 
basic 
operating 
modes--<:ommon 
emitter, 
common 
base, 
and common collector-the 
OTA has three equivalent oper- 


ating modes common-E, 
common-B, 
and common-C 
(See 
Figures 2, 3 and 4). Figure 2 shows the OTA connected 
as 


a Common-E 
amplifier 
which is equivalent 
to a common 
emitter transistor amplifier. Input and output can be ground 
referenced 
without 
any biasing. 
Due to the sense 
of the 
output current, the amplifier is non-inverting. 


Figure 4 shows the common-B 
amplifier. This configuration 
produces an inverting gain, and the input is low-impedance. 
When a high impedance input is needed, it can be created by 
inserting a buffer amplifier like BUF600 in series. 
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FIGURE 3. a) Common Collector Amplifier Using a Discrete 
Transistor; b) Common-C Amplifier Using the 
OTA Portion of the SHC6l5. 


SAMPLING 
COMPARATOR 


The SHC6l5 
sampling 
comparator 
features 
a very short 
2.2ns propagation 
delay and utilizes a new switching circuit 
architecture 
to achieve excellent 
speed and precision. 


It provides 
high 
impedance 
inverting 
and non-inverting 
inputs, a high-impedance 
current source output and a TTL- 
CMOS-compatible 
Hold Control Input. 


The sampling comparator consists of an operational transcon- 
ductance 
amplifier 
(OT A), a buffer amplifier, 
and a subse- 
quent switching 
circuit. The OT A and buffer amplifier 
are 
directly tied together at the buffer outputs to provide the two 
identical high-impedance 
inputs and high open-loop transcon- 


ductance. 
Even a small differential 
input voltage multiplied 
with the high transconductance 
results 
in an output 
cur- 
rent-positive 
or negative-depending 
upon the input polar- 
ity. This is similar to the low or high status of a conventional 
comparator. 
The current source output features high output 
impedance, 
output bias compensation, 
and is optimized 
for 
charging a capacitor in DC restoration, 
nanosecond 
integra- 
tors, peak detectors and SIH circuits. The typical comparator 
output 
current 
is ±3.2mA 
and the output 
bias current 
is 
minimized 
to typically ±IO~A in the sampling mode. 


This innovative circuit achieves the slew rate representatives 
of an open-loop 
design. 
In addition, 
the acquisition 
slew 
current for a hold or storage capacitor is higher than standard 
diode bridge 
and switch configurations. 
removing 
a main 
contributor 
to the limits of maximum 
sampling 
rate and 
input frequency. 


The switching 
circuits in the SHC6l5 
use current steering 
(versus 
voltage 
switching) 
to provide 
improved 
isolation 
between the switch and analog sections. This results in low 
aperture time sensitivity 
to the analog input signal, reduced 
power supply and analog switching 
noise. Sample-to-hold 
peak switching 
is 40fC. 


FIGURE 
4. a) Common 
Base Amplifier 
Using a Discrete 
Transistor; 
b) Common-B 
Amplifier Using the 
OTA Portion of the SHC6l5. 


The additional offset voltage or switching transient induced 
on a capacitor at the current source output by the switching 
charge can be determined 
by the following 
formula: 


Offset(Y) = Charge(pC) 
CH Total(pF) 


The switching stage input is insensitive to the low slew rate 
performance 
of the hold control command 
and compatible 
with TTUCMOS 
logic levels. With a TTL logic high, the 
comparator 
is active, comparing 
the two input voltages and 
varying the output current accordingly. 
With a TTL logic 
low, the comparator 
output is switched off. 


The SHC6l5 
operates from ±5Y power supplies (±6Y maxi- 
mum). Do not attempt to operate with larger power supply 
voltages or permanent 
damage may occur. 


Inputs 
of the SHC6l5 
are protected 
with internal 
diode 
clamps as shown in Figure 
I. These protection 
diodes can 
safely conduct 
lOmA continuously 
(30mA peak). If input 
voltages can exceed the power supply voltages by O.7Y, the 
input signal current must be limited. 


Figure 6 shows the basic connections 
required for operation. 
These 
connections 
are not shown 
in subsequent 
circuit 
diagrams. Power supply bypass capacitors should be located 
as close 
as possible 
to the device 
pins. 
Solid 
tantalum 
capacitors are generally best. See "Circuit Layout" at the end 
of the applications 
discussion 
for further 
suggestions 
on 
layout. 
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If the high speed TIL-hold 
command 
signal goes negative 
due to reflections 
for AC-coupling, 
the hold control input 
must be protected 
by an external 
reverse 
bias diode 
to 
ground as shown in Figure 6. 


CIRCUIT 
LAYOUT 


The high-frequency 
performance 
of the SHC615 
can be 
greatly affected by the physical layout of the printed circuit 
board. The following tips are offered as suggestions, 
not as 


absolute requirements. 
Oscillations, ringing, poor bandwidth, 


poor 
settling, 
and peaking 
are all typical 
problems 
that 


plague high-speed 
components 
when they are used incor- 
rectly. 


• Bypass 
power 
supplies 
very close 
to the device 
pins. 


Use tantalum 
chip 
capacitors 
(approximately 
2.2~F); 


parallel 
470pF 
and/or 
IOnF ceramic 
chip 
capacitors 


may 
be 
added 
if desired. 
Surface 
mount 
types 
are 
recommended 
because 
of their 
low 
lead 
inductance. 


Supply 
bypassing 
is extremely 
critical 
at high frequen- 
cies and when driving 
high current 
loads. 


• PC board traces for power lines should be wide to reduce 


impedance. 


FIGURE 5. a) Simplified Block Diagram; and, b) Circuit Diagram of the Sampling Comparator 
which Includes the Sampling 


Operational 
Transconductance 
Amplifier (SOTA) and the Switching Stage. 
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• Use a low-impedance 
ground plane on the component 
side 


to ensure that a low-impedance 
ground is available through- 


out the layout. 


• Do not extend 
the ground 
plane under 
high-impedance 
nodes sensitive to stray capacitances 
such as the amplifier's 


input terminals. 


• Sockets are not recommended 
since they add significant 


inductance 
and parasitic 
capacitance. 
If sockets 
are re- 
quired, use zero-profile 
sockets. 


• Use low-inductance, 
surface-mount 
components. 
Surface- 
mount components 
offer the best AC performance. 


(2011 


to 
20011) 


11 
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• Plug-in prototype 
boards and wire-wrap 
boards will not 


function 
well. 
A clean 
layout 
using 
RF techniques 
is 


essential-there 
are no shortcuts. 


• Terminate 
transmission 
line loads. 
Unterminated 
lines, 


such as box cables, 
can appear to the amplifier 
to be a 


capacitive or inductive load. By terminating 
a transmission 
line with its characteristic 
impedance, 
the amplifier's 
load 


then appears purely resistive. 


• Protect 
the hold control 
input with an external 
diode if 


necessary. 


,, 


OTA 
:, 


: 
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~ 
12 
Collector 


,---------, 


: 
Biasing 
I 
I 
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470PFr10nF 
12.2~F 
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TYPICAL APPLICATIONS 
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• 
VERSATILE- 
LOW-PASS, 
HIGH-PASS 
BAND-PASS, 
BAND-REJECT 


• 
SIMPLE 
DESIGN 
PROCEDURE 


• 
ACCURATE 
FREQUENCY 
AND Q- 
INCLUDES 
ON CHIP 1000pF ±O.S% 
CAPACITORS 


The UAF42 is a universal 
active filter which can be 
configured 
for a wide range of low-pass, 
high-pass, 


and band-pass 
filters. It uses a classical state-variable 
analog 
architecture 
with an inverting 
amplifier 
and 
two integrators. The integrators include on-chip l000pF 
capacitors 
trimmed 
to 0.5%. This solves one of the 
most 
difficult 
problems 
of 
active 
filter 
design- 
obtaining 
tight tolerance, 
low-loss capacitors. 


A DOS-compatible 
filter design program allows easy 
implementation 
of 
many 
filter 
types 
such 
as 
Butterworth, 
Bessel, 
and Chebyshev. 
A fourth, 
un- 


committed 
FET-input 
op amp (identical 
to the other 


• 
TEST 
EQUIPMENT 


• 
COMMUNICATIONS 
EQUIPMENT 


• 
MEDICAL 
INSTRUMENTATION 


• 
DATA ACQUISITION 
SYSTEMS 


• 
MONOLITHIC 
REPLACEMENT 
FOR UAF41 


three) can be used to form additional 
stages, 
or for 
special 
filters 
such 
as 
band-reject 
and 
Inverse 
Chebyshev. 


The classical 
topology 
of the UAF42 
forms a time- 


continuous 
filter, free from the anomalies and switch- 
ing noise 
associated 
with 
switched-capacitor 
filter 


types. 


The UAF42 
is available 
in 14-pin plastic 
DIP and 
ceramic packages, 
and SOL-16 surface-mount 
pack- 
ages, specified 
for the -25°C 
to +85°C temperature 


range. 
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UAF42AP, 
AU 
UAF42AG 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


FILTER PERFORMANCE 
Frequency 
Range, 
tn 
Oto 100 
kHz 


Frequency 
Accuracy 
f = 1kHz 
1 
2 
% 


vs Temperature 
0.01 
%/"C 
MaximumQ 
400 
- 
Maximun (0 • Frequency) 
Procuct 
500 
kHz 


Q vs Temperature 
(10' 0) < 10' 
0.01 
o/oI"C 
(10'0)< 
10' 
0.025 
o/oI"C 
o Repeatability 
(fo' 0) < 10' 
2 
% 


Offset Voltage, 
Low-Pass 
Output 
±5 
mV 


Resistor 
Accuracy 
0.5 
1% 
% 


OFFSET VOLTAGEI') 
Input Offset Voltage 
±0.5 
±5 
mV 


vs Temperature 
±3 
~V/·C 
vs Power 
Supply 
Vs=±6to±18V 
80 
96 
dB 


INPUT BIAS CURRENn') 
Input Bias Current 
VCM = OV 
10 
50 
pA 


Input Offset Current 
VCM = OV 
5 
pA 


NOISE 
Input Voltage 
Noise 
Noise Density: 
f = 10Hz 
25 
nV/..JHz 


I = 10kHz 
10 
nV/..JHz 


Voltage Noise: BW = 0.110 10Hz 
2 
~Vp-p 


Input Blas Current 
Noise 
Noise Density: f = 10kHz 
2 
fAi..JHz 


INPUT VOLTAGE 
RANGEl') 
Common-Mode 
Input Range 
±1'.5 
V 


Common-Mode 
Rejection 
Vetot =±10V 
80 
96 
dB 


INPUT IMPEDANCE(1) 


Differential 
1013112 
011 pF 
Common-Mode 
10'3116 
011 pF 


OPEN·LOOP 
GAIN(1) 


Open-Loop 
Voltage 
Gain 
Vo = ±10V, RL = 2kQ 
90 
126 
dB 


FREQUENCY 
RESPONSEI') 


Slew Rate 
10 
V/~ 
Gain-Bandwidth 
Product 
G= +1 
4 
MHz 
Total Harmonic 
Distortion 
G = +1, f = 1kHz 
0.0004 
% 


OUTPUn') 
Voltage Output 
RL = 2kQ 
±11 
±11.5 
V 


Short Circuit Current 
±25 
mA 


POWER SUPPLY 
Specilied Operating Voltage 
±15 
V 
Operating Voltage Range 
±6 
±18 
V 
Current 
±6 
±7 
mA 


TEMPERATURE 
RANGE 


Specification 
-25 
+85 
·C 


Operating 
-25 
+85 
-55 
+125 
·C 


Storage 
-40 
+125 
-l35 
+150 
·C 


Thermal 
Resistance, 
9JA 
100 
oelW 


The 
information 
provided 
herein 
is believed 
to be r9liabl9; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes 
no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR·BROWN 
does not authorize 
or warrant 
any BURR·BROWN 
product for use in life support devices 
and/or systems. 
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Auxiliary Op Amp, -In 


Auxiliary Op Amp, Vo 


Power Supply Voltage 
Input Voltage 
. 
Output Short Circuit 
Operating 
Temperature: 


Plastic DIP, P; SOIC, U .. 
Ceramic DIP, G 
. 
Storage 
Temperature: 


Plastic DIP, P; SOIC, U 
. 


Ceramic DIP, G 
. 


Junction Temperature: 


Plastic DIP, P; SOIC, U 
. 
Ceramic DIP, G 
. 
Lead Temperature 
(soldering, 
10s) 


..................................... 
..±18V 


. 
±Vs ±0.7V 


....................... 
Continuous 


... +125°C 


.. 
+150"C 


................. +300°C 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
Low Pass Vo 
7 
Bandpass Vo 


2 
V1N3 
8 
Frequency Adj, 


3 
V1N2 
9 
V- 
4 
Aux.OpAmp, 
10 
V+ 


+In 
11 
Ground 
5 
Aux. OpAmp, 
12 
V1N1 
-In 
13 
High-Pass Vo 


6 
Aux. Op Amp, 
14 
Frequency Adj, 


Vo 


MILS (0.001") 
MILLIMETERS 


Die Size 
205 x 130 ±5 
5.21 x 3.30 ±13 


Die Thickness 
20±3 
0.51 ±0.08 


Min. Pad Size 
4x4 
0.10xO.l0 


Backing 
Gold 


Auxiliary Op Amp, -In 


Auxiliary Op Amp, Vo 


Bandpass Vo 
8 


NOTE: NC: No Connection. 
For best 
performance 
connect 
all "NC" pins to 


ground to minimize 
inter-lead 
capacitance. 


MODEL 
PACKAGE 
TEMPERATURE 
RANGE 


UAF42AP 
Plastic 14-pin DIP 
-25°C 
to +85°C 


UAF42AG 
Ceramic 14-pin DIP 
-25°C 
to +85°C 


UAF42AU 
SOL-16 
-25"C 
to +85°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERt') 


UAF42AP 
Plastic 14-pin DIP 
010 


UAF42AG 
Ceramic 
14-pin 
DIP 
163 


UAF42AU 
SOL-16 
211 


For Immediate Assistance, Contact YourLocal Salesperson 
APPLICATIONS INFORMATION 


The UAF42 is a monolithic 
implementation 
of the proven 
state-variable 
analog 
filter topology. 
Pin-compatible 
with 
the 
popular 
UAF41 
Analog 
Filter, 
it provides 
several 
improvements. 


Slew Rate of the UAF42 
has been increased 
to IOV/lIS 
versus 
1.6V/lls for the UAF41. Frequency· 
Q product of 
the 
UAF42 
has 
been 
improved, 
and 
the useful 
natural 
frequency 
extended 
by a factor of four to 100kHz. 
FET- 
input op amps on the UAF42 provide very low input bias 
current. The monolithic construction 
of the UAF42 provides 
lower cost and improved reliability. 


Application 
Bulletin AB-035 and a computer-aided 
design 


program, available from Burr-Brown, 
make it easy to design 
and implement 
many 
kinds 
of active 
filters. 
The 
DOS- 
compatible 
program guides you through the design process 
and automatically 
calculates 
component 
values. 


Low-pass, 
high-pass, 
band-pass 
and 
band-reject 
(notch) 
filters can be designed. The program supports the three most 
commonly used all-pole filter types: Butterworth, 
Chebyshev 
and Bessel. 
The less-familiar 
Inverse 
Chebyshev 
is also 
supported, providing a smooth passband response with ripple 
in the stop-band. 


With each data entry, the program automatically 
calculates 
and displays filter performance. 
This allows a spreadsheet- 
like "what if' design approach. For example, you can quickly 
determine, 
by trial and error, how many poles are required 
for a desired attenuation 
in the stopband. 
Gain/phase 
plots 
may be viewed for any response type. 


The basic building element of the most commonly used filter 
types is the second-order 
section. This section 
provides 
a 
complex-conjugate 
pair of poles. The natural frequency, 
ro" 
and Q of the pole pair determines the characteristic 
response 
of the section. The low-pass transfer function is 


Vo(s) 
A".cq,2 


V,es) 
S2+ s ro,/Q + ro,' 


VHP(s) = 
AHpS2 


V,es) 
S2+ s ro,/Q + ro"2 


VBP(s) 
ABP(ro,/Q) s 


V,es) 
S2+ s ro,/Q + ro,' 


A band-reject 
response is obtained by summing the low-pass 
and high-pass 
outputs, yielding the transfer function 


ABR(s2+ro"2) 


S2+ s ro,/Q + ro"2 


The most commonly used filter types are formed with one or 
more cascaded 
second-order 
sections. 
Each section 
is de- 
signed for rooand Q according to the filter type (Butterworth, 
Bessel, Chebyshev, 
etc.) and cutoff frequency. 
While tabu- 


lated data can be found in virtually any filter design text, the 
design program eliminates 
this tedious procedure. 


Second-order 
sections 
may be non-inverting 
(Figure 
I) or 
inverting 
(Figure 2). Design equations 
for these two basic 
configurations 
are shown for reference. The design program 
solves these equations, 
providing 
complete 
results, includ- 
ing component 
values. 
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R,(RG+Ra) 
1 + 
RaRa 


Q. 
R 


2 
1+- 
R, 


[] 
[ 
] 
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R, 
R, RF1 C, 
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OA,.p R :A.p ARC 


2 
2 
F2 
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Pin numbers 
are for DIP 


package. SOL-16 pinout 
is different. 
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\ 
Pin numbers are for DIP 
package. SOL·16 pinout 
is different. 
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For Complete 
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Call Fax Line 1-800·548-6133 


Request Document 
Number 10346 


FEATURES 


• 
ACCEPTS 
INPUT VOLTAGES 
OR 
CURRENTS 
OF EITHER 
POLARITY 


• 
WIDE INPUT DYNAMIC 
RANGE 
6 Decades of Current 
4 Decades of Voltage 


• 
VERSATILE 
Log, Antilog, 
and Log Ratio Capability 


Packaged 
in a ceramic double wide DIP, the 4127 is 
the first 
hybrid 
logarithmic 
amplifier 
that 
accepts 
signals 
of either 
polarity 
from 
current 
or voltage 
sources. 
A special 
purpose 
monolithic 
chip, devel- 
oped 
specifically 
for 
logarithmic 
conversions, 
functions 
accurately 
for up to six decades 
of input 


current and four decades of input voltage. In addition, 
a current 
inverter 
and a precise 
internal 
reference 
allow pin programming 
of the 4127 as a logarithmic, 


log ratio, or antilog amplifier. 


To further 
increase 
its versatility 
and reduce 
your 
system cost, the 4127 has an uncommitted 
operational 
amplifier in its package that can be used as a buffer, 
inverter, filter, or gain element. 


The 
4127 
is available 
with 
initial 
accuracies 
(log 
conformity) 
of 0.5% and 1.0%, and operates over an 
ambient temperature 
range of -lOoC to +70°C. 


With its versatility 
and high performance, 
the 4127 
has many applications 
in signal compression, 
trans- 
ducer 
linearization, 
and 
phototube 
buffering. 


Manufacturers 
of 
medical 
equipment, 
analytical 
instruments, 
and process control instrumentation 
will 
find the 4127 
a low cost solution 
to many 
signal 
processing 
problems. 


---------------------------------------------------- 
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SPECIFICATIONS 
PIN CONFIGURATION 


MODEL 
4127KG 
4127JG 


ACCURACyl'), 
% of FSR 


Current 
Source 
Input: 1nA to 1mA 
0.5% max 
1% max 


Vottage Input: 1mV to 10V 
0.5% 
max 
1%max 


INPUT 
Current Source 
Input, Pin 4 
+1nA to +lmA 
Current 
Source 
Input, Pin 7 
-lnA 
to -lmA 


Reference 
Current 
Input. Pin 2 
+l)lAto 
+lmA 


Absolute 
Maximum 
Inputs 
±10mA or ±Supply 
Volts 


OUTPUT 
Voltage 
±10V 


Current 
±5mA 
Impedance 
100 


FREQUENCY 
RESPONSE 


-3dB 
Small Signal at Current Input 
of 100)lA 
90kHz 
of 10)lA 
50kHz 
of 1)lA 
5kHz 
of 100nA 
250Hz 
of 10nA 
80Hz 


Step Response 
to within ±1 % of 
Final Value (IR = 1)lA, A 
3 5) 
10ms 


STABILITY 
scale 
Factor Drifi (AAloC) 
±0.OOO5A1"C 
Reference 
Current Orin (~"t'C) 
±0.OO1 I,.f'C for IR ~ 1)lA 


±C.OO3 I,.f'C for 400nA < IR < 1)lA 
Input Offset Current Orifi (6Is1"c) 
10pA at +25°C, Doubles Every 100C 
Input Offset Voltage Orifi 
±10~VrC 
Accuracy 
vs Supply Variation 
Reference 
Current 
±O.OOlIFIV 
Input Offset Voltage 
±300~VN 
Input Noise - Current 
Input 
1pA, rms, 10Hz to 10kHz 
Input Noise - Voltage 
Input 
10)lA, rms, 10Hz to 10kHz 


UNCOMMITTED 
OP AMP CHARACTERISTICS 
Input Offset Vottage 
5mV 
Input Bias Current 
40nA 
Input Impedance 
1Mn 
Large Signal Vottage Gain 
85dB 
Output Current 
SmA 


TEMPERATURE 
RANGE 
Specification 
O°C to +600C 
Operating 
-10°C 
to +70°C 
Storage 
-55°C 
to +125°C 


POWER SUPPLY 
REQUIREMENTS 
Rated Supply Voltages 
±15VOC 
Supply Voltage Range 
±14VOC to ±16VOC 
Supply Current 
Drain 
at Quiescent. 
max 
±20mA 
at Full Load, max 
±26mA 


'REF Output 


IREF 
Input 


+llnput(l) 


Current 
Inverter 
OUtput(1) 


Op Amp + Input 


Op Amp -Input 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBERl') 


4127KG 
24·Pin 
075 
4127JG 
24-Pin 
075 


The 
information 
provided 
herein 
is believed 
to be reliable: 
however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility for the use of this information, 
and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject 
to change 
without natice. 
Na patent rights ar licenses to any of the circuits described 
herein are implied or granted 
to any third party. BURR-BROWN 
does not 
authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
andlor 
systems. 


BURR-BROWNe 


Burr-Brown Ie Data Book-Linear 
Products 
IE:lE:lI 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


TYPICAL PERFORMANCE CURVES 


"~ 
(.) 
~ 
!" 
'* 
a: 
100nA 


1M 


Resistance (n) 


LOG RELATIONSHIP 
OF ¥ AND OUTPUT 


R 
VOLTAGE IN TERMS OF "A" 


Output 
Voltage 


Eo-Volts 


Input 


Current 


Is 


DISCUSSION OF 
SPECIFICATIONS 


ACCURACY 


The deviation 
from the ideal output 
voltage 
defined 
as a 
percent of the full scale output voltage. 


INPUT/OUTPUT 
RANGE 
I 
E 


s 
The log relationships 
of -A log _s 
and -A log - 
are 
IR 
IRR 


subject to the constraints 
specified. 
The 4127 can be oper- 
ated with inputs lower than those given, but the accuracy 
will be degraded. 


The small-signal 
frequency 
response 
varies considerably 
with signal level and scaling, so the frequency 
response 
is 
specified under several different operating 
conditions. 
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9 


8 


~ 
7 
:c 
6I 5 
4 


~ 
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2 


1 
o 
o 


/' 


/' 
/' 


/"" 


/' 


/' 
/' 
Iisl 
f--- 
/' 


Eo: 
-A log,. I,; 


40 


Resistance (k!l) 


RELATIONSHIP 
OF ¥ AND OUTPUT VOLTAGE 
R 


For IR: 
l~A and A. 
5V and 10V 


Input 


Current 


Is 


.01IJA 
O.llJA 
100IJA 


I 


RangeD! 
Adjustment 


~:::~I 


STABILITY 


The use of a monolithic 
transistor 
quad and low-drift amps 


minimizes 
drift, but some drift remains in the scale-factor, 


reference current, and input offset. Input offset consists of a 
bias current plus the op amp input voltage offset divided by 
the signal source resistance. 
Also, there is some slight drift 
in conformity 
to the log function 
and in output 
amplifier 
offset, but this is generally 
negligible. 


The 4127 is a complete 
logarithmic 
amplifier 
that can be 


pin-programmed 
to accept 
input 
currents 
or voltages 
of 
either polarity. 
By making 
use of the internal 
current 
in- 
verter, reference 
current 
generator, 
log ratio element, 
and 
uncommitted 
op amp, you can generate a variety of logarith- 


The unique 
PET-input 
current-inverting 
element 
removes 
the polarity 
limitations 
present 
in most conventional 
log 
amplifiers. 


Utilizing the inherent exponential 
characteristics 
of transis- 
tor functions, the 4127 calculates 
accurate log functions for 
input currents 
from 
InA to ImA, or input voltages 
from 
ImV to JOV. Carefully matched monolithic quad transistors 
and temperature 
sensitive gain elements are used to produce 
a log amplifier 
with excellent 
temperature 
characteristics. 


A functional 
diagram 
of the 4127 
circuit 
is shown 
in 
Figure 
I. In addition 
to the basic log amplifier, 
the 4127 
contains 
a separate 
internal 
current 
source, 
a current 
inverter, 
and an uncommitted 
operational 
amplifier. 
The 
current inverter accurately converts negative input current to 
a positive current of equal magnitude. 


The 4127 is capable of accurately logging input current over 
a 120dB range, but to use this full range, good shielding 
practice 
must be followed. 
A current 
source input is, by 
definition, a high impedance 
source and is therefore subject 
to electrostatic 
pickup. 


The input op amps, A, and A3, have PET input stages for low 
noise and very-low input bias current. The op amp, A" will 
make the collector 
current 
of Q, equal to the signal input 
current 
Is, and 
the 
collector 
current 
of Q, 
will 
be the 
reference 
input current IR• 


Current 
Inverter 


Input 
~ 


7 


Current 
Inverter 
Output 


5 


+IINPUT 
Is 


4 
-- 


IREF 
Input L 
2 
~ 
1 0 


mKT 
Ie 
VBE~-- 
tn 
q 
IL ' 


where: Ie = Collector 
current 
IL = Reverse saturation 
current 
q, m, K = Constants 
T = Absolute 
temperature 


So E 
1 = - mKTI 
tn 
~ 
and 
E, _ E 
1 = 
mKT'tn 
I 
R 


q 
III 
q 
IL2 


If the transistors 
Q, and Q, are at the same temperature 
and 
have matched characteristics, 
then: 


E, = ~T 
[tn 
~: - tn 
~:] 


The output op amp, A" provides a voltage gain of approxi- 
mately 
(RT + R,)IR,., and the value of (mKT)/q 
is about 
26m V at room temperature. 
Since resistor 
RT varies with 
temperature 
to compensate 
for gain drift, the output voltage, 


Eo, expressed 
as a log will be: 


...;L R 
2 


18..?Gain 


Log Output 


10 


~ 


11 
A. 
+ 


9 


_________ 
~I~;~," 
~ 
~ 
~.~~ 
Output 
-15VDC 
+15VDC 
+15VDC 


14 
o 
-15VDC 
~ 
21 
Common 
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8 References and Regulators 


Voltage and current references are used for bridge 
circuits, calibration standards, D/A and AID con- 
verter reference, sensor excitation and other appli- 
cations requiring a stable voltage or current refer- 
ence. 


Regulators are used for battery management, dis- 
tributed power, SCSI-2 termination and any other 
applications requiring regulated power. 


Choose from our complete line of references and 
regulators which include: 


REFI004-1.2-1.235V 
±4mV bandgap reference 
that will operate from as little as 1OJ.1Ain an 8-lead 
SOIC package. 


REFlOO4-2.5-2.500V 
±20mV bandgap reference 
that will operate from as little as 20J.1Ain an 8-lead 
SOIC package. 


REF02-5.0V 
±5mV buried zener reference that 
will operate over an input range of 8VDC to 
40VDC in an 8-lead SOIC, PDIP and TO-99 
packages. 


BURR-BROWNI8 
,E:lE:I, 
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REFI02-1O.0V 
±2.5mV buried zener precision 
reference that will operate over an input range of 
ll.4VDC to 36VDC in an 8-lead SOIC, PDIP and 
TO-99 packages. 


REF200--100J.1A ±0.5J.1Adual current reference 
with a compliance voltage range of 2.5VDC to 
40VDC in an 8-lead SOIC, PDIP AND TO-99 
packages. 


REGll17-Positive 
2.85V, 3.0V, 3.3V, and 5.0V 
regulators that will operate down to 1V input to 
output and up to 800mA output in an SOT-223 
package. 


REG5601-Electrically 
equivalent to industry- 
standard "5601" terminators, this l8-line 
SCSI 
bus terminator comes in a 28-lead fine pitch SSOP 
package that requires only half the circuit board 
area. 


REG5608--A 
low capacitance (2pF) l8-line ac- 
tive terminator for SCSI parallel bus systems. 
Meets requirements for high data rate systems 
(20MHz, Fast-20). 
•• 


References and Regulators 


I 
REFERENCES AND REGULATORS I 


I 
I 
I 
I 
I 


VOLTAGE 
CURRENT 
LOW DROPOUT 
INTEGRATED 


REFERENCE 
REFERENCE 
VOLTAGE REGULATORS 
SCSITERMINATORS 
(Output Voltage, 
typ 
18·Line 
Terminator 
(Drift Accuracy, 
maxI 
(Drift Accuracy, 
typ) 
Output Current, 
maxI 
(Output Capacitance, 
typ) 


OUTPUT VOLTAGE = 10V 
REF101 
(1ppmrC) 
REF10 
(1ppmrC) 
REF102 
(2.SppmrC) 
REF01 
(8.SppmrC) 


OUTPUT VOLTAGE = 5V 
REF02 
(8.SppmrC) 
REFOS 
(8.5ppmrC) 


OUTPUT VOLTAGE = 2.5V 
REF1004 (20ppmrC) 


OUTPUT VOLTAGE = 1.25V 
REF1004 (20ppmrC) 


REG5608 (2.5pF) 
REG5601 (10pF) 
REG1117 
REG1117-2.8S 
REG1117-3 
REG1117-3.3 
REG1117-S 


(Adj., 800mA) 
(2.8SV, 800mA) 
(3V, 800mA) 
(3.3V, 800mA) 
(SV,800mA) 


• DENOTES TYPICAL 


BOLD DENOTES NEW PRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


~ 


II 
m~ 


mIProduct 


8REF01M, G 
REF01P, U 
REF02M, G 
REF02P, U 
REF05M 
REF10M 
REF101 
REF102 


Output 
Output 
Voltage 
Power 
Power 
Current 
Drift 
Supply 
Supply 
mln 
max 
mln, max 
max 
Temp 
Output (V) 
(mA) 
(:tppmf'C) 
(V) 
(mA) 
Range(') 


+10.00 ±0.025 
10 
8.5 
+11.4/40 
1.4 
Mil, Ind, Ceramic 
+10.00 ±0.020 
10 
15 
+11.4/40 
1.4 
Ind, Com 
+5.00±0.01 
10 
8.5 
+7/40 
1.4 
Mil, Ind, Ceramic 
+5.00 ±0.015 
10 
10 
+7/40 
1.4 
Com,lnd 
+5.00±0.01 
10 
8.5 
+7/40 
1.4 
Mil 
+10.00 ±0.005 
10 
1 
+13.5/35 
4.5 
Com 
+10.00 ±0.005 
10 
1 
+13.5/35 
4.5 
Com 
+10.00 ±0.0025 
10 
2.5 
+11.4/36 
1.4 
Ind, Mii 


Cerdlp 
Pkg 


TO-99,CDIP 
PDIP, SO 
TO-99,CDIP 
PDIP, SO 
TO-99,CDIP 
TO-99 
TO-99 
TO-99, 
DIP, SOIC 
REF1004C 
+1.235 ±0.006 
NS 
20 
NS 
101lA(2) 
Com 
SOIC 
REF10041 
+1.235±0.01 
NS 
20 
NS 
101lA(2) 
Xlnd 
SOIC 
REF1004C 
+2.50 ±0.013 
NS 
20 
NS 
201lA(2) 
Com 
SOIC 
REF10041 
+2.50 ±0.02 
NS 
20 
NS 
201lA(2) 
Xlnd 
SOIC 


NOTE:(1)Com= O'Cto +70'C. Ind=-25'C to +85'C, Mil=-55'C to +'25OC.Xlnd- -40'C to +85'C. (2)MinimumOperatingCurrent. 


Output Current 
Voltage 
Drift (max) 
Product 
(j.IA) 
Compliance 
(ppmf'C) 
Pkg 


REF200 
Dual 100 ±0.5 
2.5 V to 40V 
25 
DIP, SO-8 


NOTE:(1)Ind=-25'C to +85'C. 


Dropout 
Output 
Voltage 
Line 
Load 
Quiescent 
Voltage 
at800mA 
Regulation 
Regulation 
Current 
Temp 
Product 
(V)typ 
(V) max 
(mV) 
(mV)max 
(mA) 
Range 
Pkg 


REG1117 
ADJ. 
1.2 
0.4% 
0.4% 
10 
Com 
SOT-223 
REG1117-2.B5 
+2.85 
1.2 
7 
7 
10 
Com 
SOT-223 
REG1117-3,3.3 
+3, +3.3 
1.2 
7 
7 
10 
Com 
SOT-223 
REG1117-5 
+5 
1.2 
10 
10 
10 
Com 
SOT-223 


Product 


REG5601 
REG5608 


Output Line 
Capacitance, typ 


10pF 
2pF 


Operating 
Temperature 


TA = O'C to 70'C 
TA = O'C to 70'C 


Termination 
Impedance (typ) 


11on 
110n 


Output 
Current mA (typ) 


21.7 
22.4 
I 


Description 


Guaranteed Long-Term Stability 
Guaranteed Long-Term Stability 
Guaranteed Long-Term Stability-:t25ppm/1k 
hrs 
Guaranteed Long-Term Stability-:t25ppm/1k 
hrs 
Guaranteed Long-Term Stabiiity-:t25ppm/1k 
hrs 
Guaranteed Long-Term Stability 
Guaranteed Long-Term Stability 
Guaranteed Long-Term Stability 


Precision Micropower Voltage Reference 
Precision Micropower Voltage Reference 
Precision Micropower Voltage Reference 
Precision Micropower Voltage Reference 


Temp 
Range(1) 


Ind 


Description 


Includes 0.5% accurate current mirror 


LOW DROPOUT 
VOLTAGE REGULATORS 


+2.85V Voltage Regulator For SCSI-2 Active Termination 
+3V/+3.3V Voltage Regulator 
+5.0V Voltage Regulator 


Pkg 


SOIC 
SOIC, SSOP 


Description 


18 line Terminator 
18 Line Terminator 


• DENOTESTYPICAL 
BOLDDENOTESNEWPRODUCT 


BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 


BURR - BROWN® 
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+1OV Precision 
VOLTAGE REFERENCE 


• 
OUTPUT VOLTAGE: 
+1OV ±O.2% max 


• 
EXCELLENT 
TEMPERATURE 
STABILITY: 
8.5ppm/oC max (-40°C 
to +85°C) 


• 
LOW NOISE: 5~Vp-p 
typ (0.1 Hz to 10Hz) 


• 
EXCELLENT 
LINE REGULATION: 
0.001%N 
max 


• 
EXCELLENT 
LOAD REGULATION: 
0.002%/mA 
max 


• 
SOURCES 
10mA, SINKS 5mA min 


• 
LOW SUPPLY CURRENT: 
1.4mA max 


• 
SHORT-CIRCUIT 
PROTECTED 


• 
WIDE SUPPLY 
RANGE: 11.4VDC to 40VDC 


• 
PACKAGE 
OPTIONS: 
Plastic DIP, SOIC 


• 
EXTENDED 
INDUSTRIAL 
TEMPERATURE 
RANGE: -40°C 
to +85°C 


• 
PRECISION 
REGULATORS 


• 
CONSTANT 
CURRENT 
SOURCE/SINK 


• 
DIGITAL VOLTMETERS 


• 
A/D AND D/A CONVERTERS 


• 
PRECISION 
CALIBRATION 
STANDARD 


• 
TEST EQUIPMENT 


The REFOI is a high performance, 
low price, precision 
pin compatible 
second source voltage reference. 
Out- 
put accuracy 
of ±0.2% 
is a 30% improvement 
over 
industry 
standard 
REFOls. 
Output 
noise is 5IlVP-P, 


which 
is a 75% 
decrease 
in noise 
over 
all other 
REFOls. 
Line regulation 
is 0.001 %N max and load 
regulation 
is 0.002%/mA 
max, which far exceeds the 
performance 
of our competitors. 
Quiescent 
current is 


a low lAmA. 
REFOI provides extended supply range 
when compared 
to industry 
standard 
devices. 
Burr- 
Brown's 
REFOI 
is the best choice 
for applications 


which 
requires 
improved 
accuracy, 
low noise, 
low 


power consumption, 
low drift, and the lowest price. 


Popular 
package 
options 
are available: 
Plastic 
DIP, 


and SOle. 
For guaranteed 
long-term 
drift see Burr- 
Brown's 
model REFIO. 


RpOT 
10kl1 
(Optional) 


BURR - BROWNe 
,ElEU 


REF01A 
REF01B 
REF01C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OUTPUT VOLTAGE 
(6VOT) 
1,-OmA 
9.970 
10.0 
10.030 
9.975 
10.0 
10.025 
9.980 
10.0 
10.020 
V 
Change with Temperature(1, 2 
-40'C 
to +85'C 
0.11 
0.18 
0.06 
0.11 
0.04 
0.07 
% 


OUTPUT VOLTAGE 
DRIFTI') 


-40'C 
to +85'C (TCVo) 
10 
25 
8 
15 
3 
8.5 
±ppml'C 


OUTPUT ADJUSTMENT 
RANGE 
APOT 
E 10kn(6) 
±3 
±3 
±3 
% 


CHANGE 
IN Vo TEMP 
COEFFICIENT 
WITH 
OUTPUT ADJUSTMENT 


(-55'C 
to +125'C) 
APOT: 
10kn 
0.5 
0.5 
0.5 
ppm/% 


OUTPUT VOLTAGE 
NOISE 
0.1 Hz to 10Hz(5) 
5 
5 
5 
I'Vp-p 


LINE REGULATIONI') 
V'N=11.4Vt036V 
0.001 
0.003 
0.0007 
0.002 
0.0003 
0.001 
%N 


-40'C 
to +85'C 
0.002 
0.006 
0.001 
0.004 
0.001 
0.002 


LOAD REGULATtONI') 
IL '" OmA to +10mA 
0.001 
0.004 
0.001 
0.003 
0.001 
0.002 
%/mA 
I, = OmA to -5mA 
0.003 
0.008 
0.002 
0.006 
0.001 
0.004 


-40'C 
to +85'C 
I,. 
OmA to +10mA 
0.005 
0.016 
0.004 
0.012 
0.003 
0.008 


TURN-ON 
SETTLING 
TIME 
To±0.1% 
5 
5 
5 
I'S 
01Final Value 


QUIESCENT 
CURRENT 
No Load 
1.2 
1.4 
1.2 
1.4 
1.2 
1.4 
mA 


LOAD CURRENT 
10 
21 
10 
21 
10 
21 
mA 


SINK CURRENT 
-5 
-10 
mA 


SHORT -CIRCUIT CURRENT 
Vo=O 
30 
30 
30 
mA 


POWER DISSIPATION 
18 
18 
18 
mW 


TEMPERATURE 
RANGE 


Specification 


AEF01A, B, C 
-40 
+85 
'C 


NOTES: (1) 6 VOT is defined as the absolute difference between the maximum output and the minimum output voltagB over the specified temperature 
range expressed 
as a percentage 
ot 10V: 6Vo' 
IV"";~vV.,,1 
x 100% 
(2) 6VOT 
specification 
applies trimmed to +10.000V or untrimmed. 
(3) TCVo is defined as 6VOT 
divided 
8 


by the temperature 
range. (4) Line and load regulation specifications 
indude the effect of self heating. (5) Sample tested. (6) 10k!} potentiometer 
connected betwee 
Vo and ground with wiper connected 
to trim pin. See Figure 3. 


MAX DRIFT 


MODEL 
VOUT AT 25°C 
(ppmf'C) 
TEMPERATURE 
PACKAGE 


AEF01AU 
10V±30mV 
±25 
-40°C 
to +85°C 
8-Pin SOIC 
AEF01BU 
10V±25mV 
±15 
-40°C to +85°C 
8-Pin SOIC 
AEF01AP 
10V±30mV 
±25 
-40°C 
to +85°C 
8-Pin Plastic DIP 
AEF01BG 
10V±25mV 
±15 
-40'C 
to+85'C 
a-Pin Ceramic DIP 


AEF01BP 
10V±25mV 
±15 
-40°C 
to +85°C 
8-Pin Plastic DIP 


BURR-BROWNiII 
1E3E31 
Burr-Brown Ie Data Book-Linear 
Products 


PAD 
FUNCTION 
PAD 
FUNCTION 


2 
V,N 
4B 
GND 
3A 
NC 
5 
Trim 
3B 
NC 
6A 
VOUT 
3C 
NC 
6B 
VOUT 
(Sense) 
4A 
GND 


Substrate 
Bias: 
Common, 
pad 4B. 


NOTE: Both common 
pads must be connected 
and both 
VOUT pads must be tied together. 


MilS 
(0.001·) 
MilLIMETERS 


Die Size 
55x75 
1.40x 
1.91 ±13 
Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
5x5 
0.10 x 0.10 


Backing 
Gold 


The 
information 
provided 
herein 
is believed 
to be reliable; 
however. 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR· BROWN product for use in life support devices and/or systems. 


BURR·BROWNIlP 


Burr-Brown Ie Data Book-Linear 
Products 
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Input Voltage 
. 


Operating 
Temperature 
P, U .. 


Storage Temperature 
Range 
P, U 
. 
-65'C 
to +125' 


Output 
Short Circuit Duration 
(to Ground 
or VIN) 
.. 
. 
Indefinite 
Junction Temperature.. 
. 
-65°C 
to +1500 


8JAP 
120'CIW 
U .. 
. 
BO'CIW 
Lead Temperature 
(soldering, 
60s) 
+300'C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


REF01AU 
B-Pin SOIC 
1B2 


REF01BU 
B-Pin SOIC 
1B2 


REF01AP 
B-Pin Plastic DIP 
006 
REF01BP 
B-Pin Plastic DIP 
006 


NCOBNC 
V,N 
2 
7 
NC 


NC 
3 
6 
Vour 


GND 
4 
5 
Trim 


• 
en 
a::o 
!;;: 
....I 
:;) 
C'wa::cz« 
en 
wozwa:: 
w 
LL. 


1M 
W 
a:: 


130 


120 


OJ 
110 
:Eo 
c 
0 
100 
.~ 
"5 
'"'" 
90 
a: 
'"c 
BO 
::J 


70 


60 


............• 


....... 


.....• 


10000 


c: 
1000 
6. 
~~ 
100 
'0z 
"~ 
0 
10 


100 


Frequency (Hz) 


iU~af Burr-Brown Ie Data Book-Linear 
Products 


0.004 


<" 
0.003 
E~ 
c0.~ 
0.002 
"S 
0>" 
a: 
"0 
'" 
0.001 
.3 


____ 
REFOl 
Immersed 
in +85C 
Flourinert Bath 


I 


TA = +85°C 


30 


Time (5) 


--- 
---.. 
V V 
t"'-..... 
--- 
o 


-<>0 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 


Temperature 
(0C) 


30 


<" 25 
.s 


c 
20 
~ 
0 
"0 
15 
'".3 


E 
10 
" 
E.~ 
::; 


-i--. 


..•....t"---. 
•.••....... 


.......... !'-1--. 


V,N = 15V 
r--....'- 


20 
40 
60 
80 
100 
120 
140 


Temperature eel 


0.002 


~ 


0.001 


c0~ 
"S 
0> 
Q)a: 
:g 
:::; 
-{l.001 


35 


<" 30 
.s 


E 
25 
5 
20 
0 
"0 
'" 
0 
15 
...J 
E~ 10 
.~ 
::; 


0 
10 
15 
20 
25 
30 


Input Voltage (V) 


v 
- 


-{l.002 


-<>0 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 


Temperature 
(0C) 


c 
~ 1.2 
0 
E 
~"8 1.0 
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The REFO I trim terminal can be used to adjust the voltage 
over a JOV ±300m V range. This feature allows the system 
designer to trim system errors by setting the reference 
to a 
voltage other than IOV,including IO.240V for binary applica- 
tions (see circuit on the first page). 


Adjustment 
of the output does not significantly 
affect the 
temperature 
performance 
of the device. 
The temperature 
coefficient change is approximately 
O.5ppmrC 
for 100m V of 
output adjustment. 


BURR - BROWN_ 
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V,N 
Vour 


6 
+10V 


REF01 


VTR1M 
Rs 


10kn to 50kn 


lMn 
Output 


GND 
Voltage 


4 
Adjust 


• 


BURR - BROWN® 
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+SV Precision 
VOLTAGE REFERENCE 


• 
OUTPUT VOLTAGE: 
+5V ±O.1% max 


• 
EXCELLENT 
TEMPERATURE 
STABILITY: 


8.5ppmf'C 
max (-40°C 
to +85°C) 


• 
LOW NOISE: 10~Vp-p 
max (0.1 Hz to 10Hz) 


• 
EXCELLENT 
LINE REGULATION: 
0.008%1V max 


• 
EXCELLENT 
LOAD REGULATION: 
0.005%/mA max 


• 
LOW SUPPLY 
CURRENT: 
1.4mA max 


• 
SHORT-CIRCUIT 
PROTECTED 


• 
WIDE SUPPLY 
RANGE: 
8V to 40V 


• 
EXTENDED 
INDUSTRIAL 
TEMPERATURE 
RANGE: 
-40°C 
to +85°C 


• 
PACKAGE 
OPTIONS: 
Plastic 
DIP, SOIC 


• 
PRECISION 
REGULATORS 


• 
CONSTANT 
CURRENT 
SOURCE/SINK 


• 
DIGITAL 
VOLTMETERS 


• 
VlF CONVERTERS 


• 
AID AND DIA CONVERTERS 


• 
PRECISION 
CALIBRATION 
STANDARD 


• 
TEST EQUIPMENT 


The REF02 is a precision 
5V voltage reference. 
The 


drift 
is laser trimmed 
to 8.5ppml°C 
max 
over the 
extended 
industrial 
and military 
temperature 
range. 
The REF02 provides 
a stable 5V output that can be 
externally 
adjusted 
over a ±6% range with minimal 
effect on temperature 
stability. REF02 operates from a 
single supply with an input range of 8V to 40V with a 
very low current drain of lmA, and excellent tempera- 
ture stability due to an improved design. Excellent line 
and load regulation, 
low noise, low power, and low 
cost make the REF02 the best choice whenever 
a 5V 
voltage 
reference 
is required. 
All popular 
package 
options 
are available: 
plastic 
DIP, 
and SOle. 
The 
REF02 is an ideal choice for portable instrumentation, 
temperature 
transducers, 
AID and DIA converters, 
and 
digital voltmeter. 


RPOT 
10kn 
(Optional) 


BURR-BROWNe 
,ElEI, 


Or, Call Customer Service at 1·800·548·6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 


TA =: +25°C and V1N = +t5V power supply unless otherwise 
noted. 


REF02A, R 
REF02B, S 
REF02C 


PARAMETER 
CONDmONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OUTPUT VOLTAGE 
ILOAD = OmA 
4.98S 
S.O 
S.01S 
4.990 
S.010 
4.99S 
S.OOS 
V 
Change with Temperature11, 2) (.1.VOT) 
-40·C 
to +8S·C 
O.OS 
0.19 
O.OS 
0.13 
O.OS 
0.11 
% 


OUTPUT VOLTAGE 
DRIFT13) 


-40·C 
to +8S·C (TCVol 
4 
1S 
4 
10 
4 
8.S 
±ppmrc 


OUTPUT ADJUSTMENT 
RANGE 
RPOT : 
10kn!6l 
±3 
±6 
% 


CHANGE 
IN Va TEMP 
COEFFICIENT 
WITH 
OUTPUT ADJUSTMENT 
(-SS·C to +12S·C) 
RPOT = 10kil 
0.7 
ppmI% 


OUTPUT VOLTAGE 
NOISE 
0.1Hz to 10Hz(5) 
4 
10 
~Vp-p 


LINE REGULATION(') 
V,N = 8V to 33V 
0.006 
0.010 
0.004 
0.008 
%N 


-40·C 
to +8S·C 
V,N ~ 8.SV to 33V 
0.008 
0.012 
O.OOS 
0.010 


LOAD REGULATION(') 
IL:::: OmA to +10mA 
O.OOS 
0.010 
0.008 
0.003 
O.OOS 
%lmA 


-40·C 
to +8S·C 
IL"" OmA to +10mA 
0.007 
0.012 
0.010 
0.004 
O.OOS 


TURN-DN 
SETTLING 
TIME 
To±O.1% 
S 
~s 
of Final Value 


QUIESCENT 
CURRENT 
No Load 
1.0 
1.4 
mA 


LOAD CURRENT (SOURCE) 
10 
21 
mA 


LOAD CURRENT (SINK) 
-0.3 
-o.S 
mA 


SHORT-CIRCUIT 
CURRENT 
VOUT = 0 
30 
mA 


POWER DISSIPATION 
No Load 
1S 
21 
mW 


TEMPERATURE 
VOLTAGE 
N 
OUTPUT(7) 
630 
mV 
0 


TEMPERATURE 
COEFFICIENT 
LI. 


of Temperature 
Pin Voltage 
W 


-5SOC to +12S·C 
2.1 
mV/"C 
a: 


TEMPERATURE 
RANGE 
Specification 
: 
REF02A, B, C 
-40 
+8S 
·C 


NOTES: (1) .1.VOT is defined as the absolute difference between the maximum output and the minimum output voltage over the specified temperature 
range expressed 
as a percentage 
of 5V: 
AV = 
IVw.x - 
V"AINI x 100 
(2) INoT specification 
applies trimmed to +S.OOOV 
or untrimmed. 
(3) leVa 
is defined as aVor divided 


o~ 


by the temperature 
range. (4) Line and load regulation specifications 
include the effect of self heating. (5) Sample tested. (6) 10kO potentiometer 
connected between 
VOUT and ground with wiper connected to Trim pin. See Figure on page 1. (7) Pin 3 is insensitive to capacitive loading. The temperature 
voltage will be modified by 
7mV for each ~ 
of loading. 


The informalion 
provided 
herein 
15believed 
to be reliable; 
however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Input Voltage 
.. 
+40V 


Operating 
Temperature 
G, P, U 
-40·C 
to +85·C 
Storage 
Temperature 
Range 
G, P, U 
--155·Cto +125· 


M 
--155·Cto +150· 


Output Short Circuit Duration 
(to Ground 
or V1N) 
_._ 
Indefinite 
Junction Temperature.. 
. .. -65°C 
to +150° 


OJ' P 
120·CIW 
U 
80·CIW 


Lead Temperature 
(soldering, 
60s) 
+300°C 


NC08 
NC 
V1N2 
7NC 


Temp 
3 
6 
VOUT 


GND 
4 
5 
Trim 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


REF02AU 
SOIC 
182 
REF02BU 
SOIC 
182 
REF02AP 
Plastic DIP 
006 
REF02BP 
Plastic DIP 
006 


MAX DRIFT 
MODEL 
VourAT25"C 
(ppmf'C) 
TEMPERATURE 
PACKAGE 


REF02AU 
5V±15mV 
±15 
-40°C 
to +85°C 
SOIC 
REF02BU 
5V±10mV 
±10 
-40·C 
to +85·C 
SOIC 
REF02AP 
5V±15mV 
±15 
-40°C 
to +85°C 
Plastic 
DIP 
REF02BP 
5V±10mV 
±10 
-40·C 
to +85·C 
Plastic 
DIP 
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PAD 
FUNCTION 
PAD 
FUNCTION 


1 
V,N 
5 
Your 
2 
Temp 
6 
NC 
3 
GND 
7 
NC 
4 
Trim 
8 
NC 


MILS (0.001 ") 
MILLIMETERS 


Die Size 
73 x 62 
1.85x 
1.57 


Die Thickness 
14±3 
0.36± 
0.08 


Min. Pad Size 
5x5 
0.10 x 0.10 


Gold Backing 


• 
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TYPICAL PERFORMANCE CURVES 


~ 100 
~ 
.~ 
0 
Z 
"% 
10 
0 


1k 
10k 


Frequency (Hz) 


I 
_I 
VIN= 
1SV 
TA"" 
e---- 
TA= 
25°C 
75°C 


I 


Device 
immersed 
,,- 
in 75°C oil bath 
I 
I 
I 
I 


* 
~ 
0.03 
~f; 
0.025 
'5 
~ 
0.02 
o 


.~ 
0.015 
g> 
e5 
0.01 
!0.005 
~ 


20 
30 


Time(s) 


5 


~ 
4 


<=o~} 
~ 
2 
::J 


0.03 


0.025 


~ 
0.02 


<=0~ 
0.015 
~ 
et 
0.01 
., 


<=::J 


0.005 


- 
- 


'~~=1~V" 
== 
- 
- 


:::: 


TA = +25°C 
- 
r- 
r- 


- 
f'-.., 
I-- 


- 
~ 
I-- 


- 
r- 


"- 
- 
r- 


- 
I-- 


- 
- 
r- 
- 
- 
'- 


0.0003 


0.001 


0.003 
~ 


0.01 
E 


<= 


0.031 
~:; 


0.1 
g- 
et 


0.31 
~ 
::J 


3.1 


10.0 
1M 
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iil 
~ 
66 


~ 
56 


~ 
46 


et 
~ 
36 
::J 


16 


6 
10 
lk 
10k 


Frequency (Hz) 


SOOmW 
Maximum 
Dissapation 


15 


Input Voltage (V) 


TA = 2~oC 


.•..•..... 


...... 
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TYPICAL PERFORMANCE CURVES (CONT) 


5.002 


5.0015 


5.001 


5.0005 


'5 
5 
> 
4.9995 


4.999 


4.9985 


4.998 


1.6 


V 1.5 


~ 
1.4 


g> 1.3 
[[ 
a; 1.2 
.3 
1.1 
E 1.0 
£ 09 


-g 
0.8 
o 
...J 
0.7 


0.6 


-00 
-40 
-20 
0 
20 
40 
60 
80 
100 
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140 


Temperature 
(OC) 


.1 
.~ 


-V'N=15V 
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/ 
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V 
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Temperature 
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'" 
/ 
./ 


V,N= 15V 
/ 
/ 
/' 


V 


./ 


/' 


.-/ 


~E 
1.06 
~ 
() 
1.04 
C 


~ 
1.02 
8 


0.98 


-OO~ 
~ 
0 
~ 
40 
80 
80 
100 
1~ 
140 


Temperature 
(OC) 


""-. 
...•...•••.. 


...•..••• 


...•... 


...•..••• 


...•...•••.. 


.....•••... 


1.3 
6" 
:b 
1.2 
~ 
g> 1.1 


~ 
1.0 


::i 0.9 
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~ 
0.7 


~ 
0.6 
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0.5 
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~~ 
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80 
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./ 
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-60 
-40 
-20 
0 
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40 
60 
80 
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140 


Temperature 
(0C) 
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The REF02 trim terminal can be used to adjust the voltage 
over a 5V ±150mV 
range. This feature allows the system 
designer to trim system errors by setting the reference 
to a 
voltage other than 5V, including 5.l2V(l) for binary applica- 
tions (see circuit on page one). 


Adjustment 
of the output does not significantly 
affect the 
temperature 
performance 
of the device. 
The temperature 
coefficient change is approximately 
O.7ppm/°C for 100m V of 
output adjustment. 


NOTE: (I) 20rnV LSB for 8-bil applications. 


REFERENCE 
STACKING 
PROVIDES 
OUTSTANDING 
LINE REGULATION 


By stacking two REFOls and one REF02, a systems designer 
can achieve 5V, 15V and 25V outputs. One very important 
advantage of this circuit is the near perfect line regulation at 
5V and 15V outputs. This circuit can accept a 27V to 55V 
change 
to the input with less than the noise voltage 
as a 
change to the output voltage. 
(R.), a load bypass resistor, 
supplies current 
(lSY) for the l5V regulator. 


Any number of REFO Is and REF02s can be stacked in this 
configuration. 
If ten devices can be stacked in this configu- 
ration, for example, ten 5V or five lOV outputs are achieved. 
The line voltage may range from looV to BOV. Care should 
be exercised 
to insure that the total load currents 
do not 
exceed 
the 
maximum 
usable 
current 
which 
is typically 
2lmA. 


2 


V,N 


Vo 6 
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Precision 
VOLTAGE 
REFERENCE 


• 
+10V ±O.0025V OUTPUT 


• 
VERY 
LOW DRIFT: 2.5ppm/oC 
max 


• 
EXCELLENT 
STABILITY: 


5ppm/1000hr 
typ 


• 
EXCELLENT 
LINE REGULATION: 


1ppmIV 
max 


• 
EXCELLENT 
LOAD REGULATION: 
10ppm/mA 
max 


• 
LOW NOISE: 5/lVp-p 
typ, O.1Hz to 10Hz 


• 
WIDE SUPPLY 
RANGE: 
11.4VDC 
to 36VDC 


• 
LOW QUIESCENT 
CURRENT: 
1.4mA max 


• 
PACKAGE 
OPTIONS: 
HERMETIC 
TO-99, 


PLASTIC 
DIP, SOIC 


The REF I02 is a precision JOV voltage reference. The 
drift is laser-trimmed 
to 2.5ppml°C 
max (CM grade) 
over the industrial 
temperature 
range 
and 5ppml°C 
max (SM grade) over the military temperature 
range. 
The REFl02 
achieves 
its precision 
without a heater. 


This results 
in low power, 
fast warm-up, 
excellent 
stability, 
and low noise. The output 
voltage 
is ex- 
tremely insensitive to both line and load variations and 
can be externally adjusted with minimal effect on drift 
and stability. 
Single supply operation 
from II.4V 
to 
36V 
and excellent 
overall 
specifications 
make 
the 
REFJ02 
an ideal choice for 
demanding 
instrumenta- 
tion and system reference 
applications. 


• 
PRECISION-CALIBRATED 
VOLTAGE 
STANDARD 


• 
D/A AND AID CONVERTER 
REFERENCE 


• 
PRECISION 
CURRENT 
REFERENCE 


• 
ACCURATE 
COMPARATOR 
THRESHOLD 


REFERENCE 


• 
DIGITAL 
VOLTMETERS 


• 
TEST 
EQUIPMENT 


• 
PC-BASED 
INSTRUMENTATION 


4 


Noise 
Common 


Reduction 
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SPECIFICATIONS 


REF102A, 
R 
REF102B, S 
REF102C, M 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


OUTPUT VOLTAGE 
Initial 
T. = 25"C 
9.99 
10.01 
9.995 
10.005 
9.9975 
10.0025 
V 
vs Temperature 
(1) 
10 
5 
2.5 
ppmf'C 
vs Supply 


(Une Regulation) 
Vs = 11.4Vto 
36V 
2 
1 
1 
ppmN 
vs Output Current 


(Load Regulation) 
I,: OmA to +10mA 
20 
10 
10 
ppmlmA 
I,= OmA to -5mA 
40 
20 
20 
ppmlmA 


vs Time 
T.=25" 


M Package 
5 
ppm/1000hr 
P, U Packages 
(2) 
20 
ppml1000hr 
Trim Range 
(3) 
±3 
% 


Capacitive 
Load. max 
1000 
pF 


NOISE 
(0.1Hz to 10Hz) 
5 
~Vp-p 


OUTPUT CURRENT 
+10,-5 
mA 


INPUT VOLTAGE 
RANGE 
+11.4 
+36 
V 


QUIESCENT 
CURRENT 
(lOUT = 0) 
+1.4 
mA 


WARM-UP 
TIME 
(4) 
(To 0.1%) 
15 
~ 


TEMPERATURE 
RANGE 
Specification 
REF102A, B. C 
-25 
+85 
"C 
REF102R, S 
-,55 
+125 
"C 


·Specifications 
same as REF102A1R. 


NOTES: 
(1) The wbox· method is used to specify output voltage drift vs temperature. See the Discussion of Performance section. 
(2) Typically Sppm/1 OOOhrs after 168hr 
powered stabilization. 
(3) Trimming the offset voltage affects drift slightly. See Installation and Operating Instructions for details. 
(4) With noise reduction pin floating. 


See Typical Performance 
Curves for details. 


The information provided herein is believed to be reliable; however, BURR-BROWN 
assumes no responsibility for inaccuracies or omissions. BURR· BROWN assumes 
no responsfDfffry for tne use of tnls Information. and at! use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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TEMPERATURE 
MAXINmAL 
MAX DRIFT 
MODEL 
PACKAGE 
RANGE 
ERROR (mV) 
(ppml"C) 


REF102AU 
B-Pin SOIC 
-2S'C 
to +BS'C 
±10 
±10 
REF102AP 
B-Pin Plastic DIP 
-2S'C 
to +BS'C 
±10 
±10 


REF102BP 
B-Pin Plastic DIP 
-2S'C 
to +BS'C 
±5 
±S 
REF102AM 
Metal TO-99 
-2S'C 
to +BS'C 
±10 
±10 
REF102BM 
Metal TD-99 
-2S'C 
to +BS'C 
±5 
±5 
REF102CM 
Metal TO-99 
-2S'C 
to +BS'C 
±2.S 
±2.S 
REF102RM 
Metal TO-99 
-SS'C 
to +12S'C 
±10 
±10 
REF102SM 
Metal TO-99 
-SS'C 
to +12S'C 
±5 
±5 


DIPISOIC 


NC08 Noise Reduction 


V+ 
2 
7 
NC 


NC 
3 
6 
Voor 


Com 
4 
S 
Trim 


Input Voltage 
+40V 
Operating Temperature 
P,U 
-2S'C 
to +BS'C 


M 
. 
~S'C 
to +12S'C 


Storage 
Temperature 
Range 
P,U 
. 
-40'C 
to +BS'C 


M 
. 
~S'C 
to +1S0'C 


Lead Temperature 
(soldering, 
10s) 
. 
+300"C 


(SOIC,3s) 
... +260"C 


Short-Circuit 
Protection 
to Common 
or V+ 
_.Continuous 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!" 


REF102AU 
B-Pin SOIC 
1B2 


REF102AP 
B-Pin Plastic DIP 
006 


REF102BP 
B-Pin Plastic DIP 
006 
REF102AM 
Metal- TO-99 
001 


REF102BM 
Metal- TO-99 
001 


REF102CM 
Metal- TO-99 
001 


REF102RM 
Metal- TO-99 
001 


REF102SM 
Metal- TO-99 
001 


No 
""'" 
LL 
W 
NOTE: 
(1) For detailed 
drawing 
and dimension 
table, 
please 
see end of data 
a:: 
sheet. 
or Appendix 
C of Burr-Brown 
Ie Data Book . • 
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L 
Time (5~div) 


Power Turn-On 


•..•.• 


r--... 


••....• 


_ 
120 


'"~ 
c: 
110 
o 
~ 
.••. 100 
II: 


~ 
90 
~ 
(J)~ 
eo 
~ 
a. 
70 


100 


Frequency (Hz) 


Vcc 
NC 
NC 
NC 
Common (Sense) 
Common (Force) 


Trim 
Voor 
VOlfr (Feedback) 


Noise 
Reduction 


MILS (0.001 "j 
MILLIMETERS 


Die Size 
55x75±5 
1.40 x 1.91 ±13 


Die Thickness 
20 ±3 
0.51 ±o.oe 
Min. Pad Size 
4x4 
0.10 x 0.10 


Backing 
Gold 


L 


LOAD REGULATION 


+1.5 


:;- 
+1.0 


§. 


'" 
+0.5 
0> 
c:~ 
() 
0 


'"N 
0 
-0.5 
> 


=> 
% 
-1.0 
0 


-1.5 


-5 
0 
+5 
+10 


Output Current (mA) 


BURR-BROWN_ 


Burr-Brown Ie Data Book-Linear 
Products I E:lE:II 


Or, Call Customer Service at 1·800·548·6132 
(USA Only) 
TYPICAL PERFORMANCE CURVES (CONT) 


o 
+25 
+50 


Temperature 
(oG) 


+600 


~ 
+300 
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0>c:~ 
() 
" 
0 


0> 
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"0> 
"5 
~ 
-300 
o 
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-600 
o 


~ 
REFl O~GM Immersed in +85°G Fluorinert Bath 


TA 
= +85°G 


c: 
~ 
() 
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C 
~8 
1.0 


30 


Time (s) 
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W 
a::• 
en0:0 
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W0: 
CZ< 
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For Immediate Assistance, Contact Your Local Salesperson 
THEORY OF OPERATION 
INSTAllATION 
AND 
OPERATING INSTRUCTIONS 
Refer to the diagram on the first page of this data sheet. The 
10V output 
is derived 
from a compensated 
buried 
zener 
diode DZI, op amp AI' and resistor network RI-R6. 


Approximately 
8.2V is applied to the non-inverting 
input of 
Al by DZI. RI, R2, and R) are laser-trimmed 
to produce an 
exact IOV output. The zener bias current is established 
from 
the regulated 
output 
voltage 
through 
R4• Rs allows 
user- 
trimming 
of the output 
voltage 
by providing 
for small 
external adjustment 
of the amplifier gain. Because the TCR 


ofRs closely matches the TCR ofRj, 
R2 and R), the voltage 
trim has minimal 
effect on the reference 
drift. The output 


voltage noise of the REF I02 is dominated by the noise of the 
zener 
diode. 
A capacitor 
can be connected 
between 
the 
Noise Reduction 
pin and ground to form a low-pass 
filter 
with ~ 
and roll off the high-frequency 
noise of the zener. 


DISCUSSION 
OF PERFORMANCE 


The REF 102 is designed for applications 
requiring a preci- 
sion voltage reference 
where both the initial value at room 
temperature 
and the drift over temperature 
are of importance 
to the user. Two basic methods of specifying 
voltage refer- 
ence drift versus temperature 
are in common 
usage in the 
industry-the 
"butterfly 
method" 
and the "box 
method." 
The REFI02 
is specified 
with the more commonly 
used 
"box method." 
The "box" 
is formed by the high and low 
specification 
temperatures 
and 
a diagonal, 
the 
slope 
of 
which is equal to the maximum 
specified drift. 


Since the shape of the actual drift curve is not known, the 
vertical position of the box is not exactly known either. It is, 
however, bounded by VUPPER BOUND and VWWER 
BOUND (see 
Figure 
I). Figure 
I uses the REFI02CM 
as an example. 
It 
has a drift 
specification 
of 2.5ppml°C 
maximum 
and a 
specification 
temperature 
range of -25°C 
to +85°C. 
The 
"box" height, VI to V2, is 2.75mV. 


I 
I 


}~:~~.:se 


.1.VQUTfor 
REF102CM 


I 


___________ 
1 


8, 


~ 
VNOMINAL 
> 
+10.0000 


"8 


REF102BM VLoweR 
BOUND 
I 
I 
I 
o 
+25 
+50 


Temperature 
(0C) 


BASIC CIRCUIT 
CONNECTION 


Figure 2 shows the proper connection 
of the REF 102. To 
achieve the specified performance, 
pay careful attention to 
layout. A low resistance star configuration 
will reduce volt- 
age errors, noise pickup, and noise coupled from the power 
supply. Commons 
should be connected 
as indicated 
being 
sure to minimize 
interconnection 
resistances. 


/(11 


2 


(1) 
(2) 


NOTES: (1) Lead resistances here of up \0 a few ohms have negligible 
effect on performance. 
(2) A resistance 
of 0.10 
in series with these 


leads will cause 
a 1mV error when the load current is at its maximum 
of 
10mA. This results in a 0.01% 
error of 10V. 


OPTIONAL 
OUTPUT 
VOLTAGE 
ADJUSTMENT 


Optional 
output 
voltage 
adjustment 
circuits 
are shown 
in 
Figures 
3 and 4. Trimming 
the output voltage will change 
the voltage drift by approximately 
0.OO8ppml°C per mV of 
trimmed voltage. In the circuit in Figure 3, any mismatch in 
TCR between the two sections of the potentiometer 
will also 
affect drift, but the effect of the ATCR is reduced by a factor 
of five by the internal 
resistor 
divider. 
A high 
quality 
potentiometer, 
with good mechanical 
stability, 
such as a 
cermet, 
should 
be used. 
The 
circuit 
in Figure 
3 has 
a 
minimum trim range of ±300m V. The circuit in Figure 4 has 
less range but provides higher resolution. 
The mismatch 
in 
TCR between 
Rs and the internal 
resistors 
can introduce 
some slight drift. This effect 
is minimized 
if Rs is kept 
significantly 
larger than the 50kQ internal resistor. A TCR 
of lOOppml°C is normally 
sufficient. 


20kO 
output 
Voltage 
Adjust 
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APPLICATIONS INFORMATION 


20kfl 
Output 
Vottage 
Adjust 


OPTIONAL 
NOISE REDUCTION 


The high-frequency 
noise of the REF102 
is dominated 
by 


the zener diode noise. This noise can be greatly reduced by 
connecting a capacitor between the Noise Reduction pin and 
ground. The capacitor forms a low pass filter with Rt;(refer 
to the figure on the first page of the data sheet) and attenu- 
ates the high-frequency 
noise generated by the zener. Figure 
5 shows the effect of a 1j.tFnoise reduction capacitor on the 
high frequency noise of the REF102. Rt; is typically 7k.Q so 
the filter has a -3dB frequency of about 22Hz. The result is 
a reduction 
in noise from about 800~Vp-p 
to under 200~ 


Vp-p. If further noise reduction is required, use the circuit in 
Figure 
14. 


FIGURE 5. Effect of lj.tF Noise Reduction Capacitor on 
Broadband Noise (L3dB = lMHz). 
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High accuracy, 
extremely 
low drift, outstanding 
stability, 


and low cost make 
the REF102 
an ideal 
choice 
for all 
instrumentation 
and system reference applications. 
Figures 6 
through 
14 show a variety of useful application 
circuits. 


1.4rnA < (§Y. -I,) 
< 5.4rnA 


F\ 


-15V 


a) Resister 
Biased -1 OV Reference 


REFl02 


6 
IOV 


• 


R, .Vcc 
-lOV 


ILfTYPl 


+10V 
1,- 


c) I L(MAX) 
= IlfTYP) 
+10mA 


I L {MINj 
:: II 
(TYP) -SmA 


-5V 
35m 


112W 


Can be connected 
to ground or -Vs . 


1,,",.10V,R~1kn 


R 


See AB-002 for more details and I Sink Circuit. 
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I 
I 
I 
_____ 
.J 


1 


NOTES, (1) REF' 02s can be stacked to obtain voltages in multiples of 10V. 
(2) The supply voltage should be between 10n + 1.4 and 10n + 26 where n 
is the number of REF102s. 
(3) Output current of each REF102 must not 
exceed its rated output current of +10, -SmA. This includes the current 
delivered to the lower REF1 02. 
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2kn 
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2kn 
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V0UT2 
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REF102 
VOUTN 
(N) 
VREF,. 
(VOl 
+ V02 ···.YOOT N) 


N 


eN : SllVP-P (1z 0.1 Hz to 1Mhz) 


..fN 


FIGURE 
14. Precision Voltage Reference 
with Extremely 
Low Noise. 
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ABRIDGED DATA SHEET 


For Complete 
Data Sheet 


Call Fax Line 1-800-548-6133 
Request Document 
Number 10851 


• 
COMPLETELY 
FLOATING: 
No Power 
Supply 
or Ground 
Connections 


• 
HIGH ACCURACY: 
100J.1A ±O.5% 


• 
LOW TEMPERATURE 
COEFFICIENT: 


±25ppmf'C 


• 
WIDE VOLTAGE 
COMPLIANCE: 
2.5Vto 
40V 


• 
ALSO INCLUDES 
CURRENT 
MIRROR 


The REF200 
combines 
three circuit building-blocks 
on 
a single 
monolithic 
chip-two 
IOO~ 
current 


sources 
and 
acurrent 
mirror. 
The 
sections 
are 
dielectric ally 
isolated, 
making 
them 
completely 
independent. 
Also, since the current sources are two- 
terminal 
devices, 
they can be used equally 
well as 
current 
sinks. 
The 
performance 
of each 
section 
is 
individually 
measured 
and laser-trimmed 
to achieve 
high accuracy 
at low cost. 


The sections can be pin-strapped 
for currents of 50~, 
lOO~, 
200~. 
300~ 
or 400~. 
External 
circuitry 
can be used to obtain virtually any current. These and 
many 
other 
circuit 
techniques 
are 
shown 
in the 
Applications 
section of this Data Sheet. 


The REF200 
is available 
in plastic 
8-pin mini-DIP 


and sOle 
packages. 


• 
SENSOR 
EXCITATION 


• 
BIASING 
CIRCUITRY 


• 
OFFSETTiNG 
CURRENT 
LOOPS 


• 
LOW VOLTAGE 
REFERENCES 


• 
CHARGE-PUMP 
CIRCUITRY 


• 
HYBRID 
MICROCIRCUITS 


BURR - BRO'W'N. 
,ElEI, 
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SPECIFICATIONS 


ELECTRICAL 


REF200AP, 
AU 


PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNITS 


CURRENT SOURCES 
Current 
Accuracy 
±O.2S 
±1 
% 


Current 
Match 
±O.2S 
±1 
% 


Temperature 
Drift 
Specified Temp Range 
2S 
ppml"C 
Output Impedance 
2.SVt040V 
20 
100 
Mil 
3.SVto 30V 
200 
SOO 
Mil 


Noise 
BW - 0.1Hz to 10Hz 
1 
nAp-p 
f; 
10kHz 
20 
pAiv'Hz 


Voltage Compliance 
(1%) 
TM1N to TMAX 
See Curves 
Capacitance 
10 
pF 


CURRENT MIRROR 
I - 10llllA Unless 
Otherwise Noted 
Gain 
0.99S 
1 
1000S 


Temperature 
Drift 
2S 
ppml"C 
Impedance (output) 
2Vt040V 
40 
100 
Mil 
Nonlinearity 
I = 01lA to 2S0~A 
O.OS 
% 


Input Voltage 
1.4 
V 
OUlput Compliance 
Voltage 
See Curves 
Frequency Response (->ldB) 
Transfer 
S 
MHz 


TEMPERATURE 
RANGE 


Specification 
-2S 
+85 
"C 


Operating 
--40 
+85 
"C 


Storage 
• 


--40 
+12S 
'C 


Applied Vottage 
.. -f;V to +40V 


Reverse Current _...................... 
. 
-350jjA 
Voltage Belween Any Two sections 
. 
±BOV 
Operating Temperature. 
. 
--4O"C to +BS'C 
Storage 
Temperature 
-4COC to +125°C 


Lead Temperature 
(soldering, 
105) 
, +300°C 
(SOIC 3s) 
+260'C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER(') 


REF200AP 
B-Pin Plastic DIP 
006 


REF200AU 
B-Pin SOIC 
1B2 


B 
I, High 


7 
I, High 


TEMPERATURE 


MODEL'" 
PACKAGE 
RANGE 


REF200AP 
B-Pin Plastic DIP 
-2S'C 
to +BS'C 
REF200AU 
B-Pin Plastic SOIC 
-2S'C 
to +BS'C 


The information 
provided herein is believed to be reliable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 


no responsibility 
for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are subject to change 


without notice. No patent rights or licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize 
or warrant 
any BURR-BROWN 
product for use in life support devices 
and/or systems. 
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() 
99.8 
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99.2 


99 
o 
10 
15 
20 
25 
30 
35 
40 


Voltage (V) 


PAD 
FUNCTION 
PAD 
FUNCTION 


1 
11 Low 
6 
Substrate 
2 
12Low 
7A 
12High 
3 
Mirror Common 
78 
12High 
4 
Mirror Output 
8A 
I, High 
5 
Mirror Input 
88 
I, High 


MilS (0.001 ") 
MilliMETERS 


Die Size 
48x72±5 
1.22 x 1.83±13 


Die Thickness 
20±3 
0.51 ±0.08 
Min. Pad Size 
4x4 
0.10xO.l0 


Backing 
None 
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~ 
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2- 
~ 
300 
Iiia 
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501 
~ 


I 
I 
I 
I 
I 


Distribution of three 
- 
- 
production lots- 
- 


1284 Current Sources. 


86 
!.1Z 
,...... 
.§.2. 


2 
5 
~ 
15 
6 
0 
1 
1 


o 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 


Temperature Drift (ppmrC) 
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100.3 


100.2 


~ 
100.1 
! 
100 


() 
99.9 


99.8 


99.7 


99.6 


99.5 
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\\ 
f'\ 
..•...•..••. 
25"C 


\ 
{\ 
'\.. 
-55"C 


125°C 
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Voltage (V) 
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4 


3 


l 
g 
0 


w 
-1 


-2 


-3 


I 
II. 


VO = 
1.25V 
Vo = lV 
-- - 
/ 
1/ 
---~ 


Vo = 1.5V 


-4 
-5 


10~A 
100~A 


Mirror Current 
(A) 


MIRROR INPUT VOTAGEIOUTPUT 
COMPLIANCE 
VOLTAGE vs CURRENT 
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CD 
J!! 
(5> 
Input Voltage 
'& 
Output 
.E 


Compliance 
Voltage 


0 


1~A 
10~A 
100~A 
1mA 
10mA 


Current 


0.1 


0.08 
~ 
0.06 


0 
0.04 
'"'" 
(; 
0.02 


C 
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'"., 
.S 
-<l.04 
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Reverse Vottage (V) 
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APPLICATIONS INFORMATION 


The three circuit 
sections 
of the REF200 
are electrically 
isolated 
from one another 
using 
a dielectrically 
isolated 
fabrication 
process. A substrate connection 
is provided (pin 
6), which is isolated from all circuitry. 
This pin should be 
connected 
to a defined circuit potential 
to assure rated DC 
performance. 
The preferred connection 
is to the most nega- 
tive 
constant 
potential 
in your 
system. 
In most 
analog 
systems this would be -V s' For best AC performance, 
leave 
pin 6 open and leave unused sections unconnected. 


Drift performance 
is specified 
by the "box 
method," 
as 
illustrated 
in the Current vs Temperature 
plot of the typical 
performance 
curves. The upper and lower current extremes 
measured over temperature 
define the top and bottom of the 
box. The sides are determined 
by the specified temperature 
range of the device. The drift of the unit is the slope of the 
diagonal-typically 
25ppm/°C 
from -25°C 
to +85°C. 


If the current 
sources 
are subjected 
to reverse 
voltage, 
a 
protection 
diode may be required. A reverse voltage circuit 
model of the REF200 
is shown in the Reverse Current vs 
Reverse Voltage curve. If reverse voltage is limited to less 
than 6V or reverse current is limited to less than 350l!A, no 
protection 
circuitry is required. A parallel diode (Figure 2a) 
will protect the device by limiting the reverse voltage across 
the current source to approximately 
O.7V. In some applica- 
tions, a series diode may be preferable 
(Figure 2b) because 
it allows no reverse current. This will, however, reduce the 
compliance 
voltage range by one diode drop. 


Applications 
for the REF200 are limitless. Application 
Bul- 
letin AB-165 shows additional 
REF200 
circuits as well as 
other 
related 
current 
source 
techniques. 
A collection 
of 
circuits 
is shown to illustrate 
some techniques. 
Also, see 
AB-165A. 
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Compliance 
to 
-Vs+ 5.W 
!50~A 


!100~Al200~A 


-Vs 


(c) 
l00~A 


-Vs 


(a) Compliance 
approximate 
to God. HV compliance 
limited by FET breakdown. 
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E 
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~ 
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100~A 


=1 
t 
100~A 
/ 
,--- 
.....-' 


~Low 
/ 
- 
t- 


20 
30 
40 
50 
60 


Applied Vonage (V) 


-Vs 


(b) Compliance 
to +Vs- 5V. 


NOTES: 
(1) FET cascaded 
current sources 
offer improved 
output impedance 
and high frequency 
operation. 
Circuit in (b) 


also provides 
improved 
PSRR. 
(2) For current sinks (Circuits 
(a) and (b) only), invert circuits and use wN~ channel 
JFETS. 
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1.2V and 2.5V Micropower 
VOLTAGE REFERENCE 


• 
INITIAL ACCURACY: 
REF1004-1.2 
±4mV 
REF1004-2.5 
±20mV 


• 
MINIMUM 
OPERATING 
CURRENT: 
REF1004-1.210J.lA 
REF1004-2.520J.lA 


• 
EXCELLENT 
LONG TERM 
TEMPERATURE 
STABILITY 


• 
VERY LOW DYNAMIC 
IMPEDANCE 


• 
OPERATES 
UP TO 20mA 


• 
PACKAGE: 
8-Lead SOIC 


The REFI004-1.2 
and REFI004-2.5 
are two terminal 
bandgap reference diodes designed for high accuracy 
with outstanding 
temperature 
characteristics 
at low 
operating 
currents. 
Prior to the introduction 
of the 
REF 1004 Micropower 
Voltage References, 
accuracy 
and stability specifications 
could only be attained by 
expensive screening of standard devices. The REF 1004 
is a cost effective 
solution 
when reference 
voltage 
accuracy, 
low power, and long term temperature 
sta- 
bility are required. 


REFlOO4 is a drop-in replacement 
for the LTl004 
as 
well as an upgraded 
replacement 
of the LM185/385 
series references. 
The REFlOO4C is characterized 
for 
operation 
from O°C to 70°C 
and the REFlOO41 is 
characterized 
for operation 
from -40°C 
to +85°C. 


The REFlOO4 is offered 
in an 8-lead Plastic 
SOIC 
package 
and shipped 
in anti-static 
rails or tape and 
reel. 


• 
BATTERY 
POWERED 
TEST EQUIPMENT 


• 
PORTABLE 
MEDICAL 
INSTRUMENTATION 


• 
PORTABLE 
COMMUNICATIONS 
DEVICES 


• 
AID AND D/A CONVERTERS 


• 
NOTEBOOK 
AND PALMTOP 
COMPUTERS 


NC 
1 


NC 
2 


NC 
3 
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SPECIFICATIONS 


ELECTRICAL 


REF1004-1.2 
REF1004-2.5 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


REFERENCE 
VOLTAGE 
IA = 100~A 
1.231 
1.235 
1.239 
2.490 
2.500 
2.511 
V 
REF1004CI') 
1.229 
1.235 
1.239 
2.487 
2.500 
2.511 
REF10041(2) 
1.225 
1.235 
1.239 
2.480 
2.500 
2.511 


AVERAGE 
TEMPERATURE 
COEFACIENT 
IM1N ::; fR s: 20mA 
20 
20 
ppmrc 


MINIMUM 
OPERATION 
CURRENT1') 
8 
10 
12 
20 
~ 


REVERSE 
BREAKDOWN 
IMIN s IR S lmA 
1 
1 
mV 


VOLTAGE 
CHANGE 
WITH 
1.5(3) 
1.51') 


CURRENT 
1mA S IA S 20mA 
10 
10 
201') 
20(3) 


REVERSE 
DYNAMIC 
IMPEDANCEI') 
IA= 
100~ 
0.2 
0.6 
0.2 
0.6 
n 


WIDE BAND NOISE (RMS) 
IA = 100~A 
10Hz S IA S 10kHz 
60 
120 
~V 


LONG TERM STABILITY 
IA = 100~A 
T. = 25°C ± 0.1°C 
20 
20 
ppmlKHr 


NOTES: (1) This specification 
applies over the full operating 
temperature 
range of aoc s: TA S 70oe. 
(2) This specification 
applies over the full operating 
temperature 
range of 40°C s T A S +85°C. (3) Denotes the specifications 
which apply over the full operating 
temperature 
range. 


MODEL 
T. 
Vz 
PACKAGE 


REF1004C·1.2 
aoc to +70°C 
1.2V 
8-lead 
SOIC 
REF1004C-2.5 
O°C to +70°C 
2.5V 
8-lead 
SOIC 
REF10041-1.2 
--40°C to +85°C 
1.2V 
8-lead 
SOIC 
REF10041-2.5 
--40°C to +85°C 
2.5V 
8-lead 
SOIC 


Reverse Breakdown 
Current 
. 


Forward Current 
. 
Operating 
Temperature 
Range 
REF1004C 
REF10041 
. 


Storage Temperature 
REF1004C 
REF10041 
. 


lead 
Temperature 
(soldering, 
105) 
. 


MODEL 


REF1004C-1.2 
REF1004C-2.5 
REF10041-1.2 
REF10041-2.5 


PART MARKING 


BBREF0412 
BBREF0425 
BBREF0412 
BBREF0425 


... ~5°C 
to +150°C 
..... ~5°C 
to +150°C 


. 
+300°C 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER'" 


REF1004C-1.2 
8-Pin SOIC 
182 
REF1004C-2.5 
8-Pin SOIC 
182 
REF10041-1.2 
8-Pin SOIC 
182 
REF10041-2.5 
8-Pin SOIC 
182 


The information 
provided 
herein 
is believed 
to be reliable; 
however, 
BURR·BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR·BRQWN 
assumes 


no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR· BROWN does not authorize or warrant 
any BURR·BROWN 
product for use in life support devices and/or systems. 
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NOISE VOLTAGE 
FILTERED OUTPUT NOISE 
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TYPICAL PERFORMANCE CURVES 2.5V 
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TYPICAL PERFORMANCE CURVES 2.5V (CONT) 
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SOOmA Low Dropout Positive Regulator 
2.S5V, 3V, 3.3V, 5V, and Adjustable 


• 
2.85V, 3V, 3.3V, 5V, and ADJUSTABLE 
VERSIONS 


• 
2.85V MODEL 
FOR SCSI-2 ACTIVE 


TERMINATION 


• 
OUTPUT 
CURRENT: 
800mA 
max 


• 
OUTPUT 
TOLERANCE: 
±1% max 


• 
TOTAL 
OUTPUT 
VARIATION: 
±2% 


• 
1.2V max DROPOUT 
VOLTAGE 
AT 


10 = 800mA 


• 
INTERNAL 
CURRENT 
LIMIT 


• 
THERMAL 
OVERLOAD 
PROTECTION 


• 
SOT-223 SURFACE 
MOUNT PACKAGE 


The REG 1117 is a family of three-terminal 
volt- 


age regulators 
capable 
of up to 800mA output. 


Fixed output 
models 
include 
2.85V, 
3V, 3.3V 
and 5V versions. 
Output voltage of the adjust- 
able version 
is set with two external 
resistors. 
The REG 1111' s low dropout voltage allows its 
use with 
as little 
as 
IV input-output 
voltage 
differential. 


Laser trimming 
assures excellent 
output voltage 
accuracy 
without 
adjustment. 
An NPN output 


stage allows output stage drive to contribute 
to 
the load current for maximum 
efficiency. 


REGll17 
is packaged 
in an SOT-223 
surface- 
mount package, suitable for reflow soldering tech- 
niques. 


• 
SCSI-2 ACTIVE 
TERMINATION 


• 
HAND-HELD 
DATA COLLECTION 
DEVICES 


• 
HIGH EFFICIENCY 
LINEAR 
REGULATORS 


• 
5V LINEAR 
REGULATORS 


• 
BATTERY 
POWERED 
INSTRUMENTATION 


• 
BATTERY 
MANAGEMENT 
CIRCUITS 
FOR 
NOTEBOOK 
AND PALMTOP 
pes 


1.4 


1.2 


~ 
"~ 
0.8 


0>S 
0.6 
8- 
e 
0.4 
Cl 


0.2 


TJ -25°C 


• '" Test Points 


o 
o 
100 
200 
300 
400 
500 
600 
700 
800 


Output Current (mA) 
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SPECIFICATIONS 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


OUTPUT VOLTAGE 
REG1117-2.85 
10= 10mA, V,N = 4.85V 
2.82 
2.85 
2.88 
V 
NOle 1 
10= 0 to 800mA, V,N = 4.05 10 10V 
2.79 
2.85 
2.91 
V 


REG1117-3 
'0: 
10mA, V,N: 
5V 
2.97 
3.00 
3.03 
V 
Nole 1 
10= 0 10 800mA, V,N = 4.5 to 10V 
2.94 
3.00 
3.06 
V 


REG1117-3.3 
10= 10mA, V,N = 5.3V 
3.27 
3.30 
3.33 
V 
NOle 1 
10= 0 10 800mA, V,N = 4.8 to 10V 
3.24 
3.30 
3.36 
V 


REG1117-5 
10= 10mA, V,N = 7V 
4.95 
5.00 
5.05 
V 
Nole 1 
10= 0 to 800mA, V,N: 
6.5 10 10V 
4.90 
5.00 
5.10 
V 
REFERENCE 
VOLTAGE 
REG1117 (Adjustable) 
10= 10mA, V,N = 3.25V 
\-238 
1.250 
1.262 
V 
Note 1 
10= 10 to 800mA, V,N- 
Vo= 
1.410 10V 
1.225 
1.250 
1.280 
V 


LINE REGULATION 
REG1117-2.85 
Nole 1 
10= 0, V,N = 4.2510 
10V 
1 
7 
mV 
REG1117-3 
NOle 1 
10= 0, V,N = 4.5 10 10V 
2 
7 
mV 
REG1117-3.3 
Note 1 
10= 0, V,N = 4.810 
10V 
- 
2 
7 
mV 
REG1117-5 
Note 1 
10= 0, V,N = 6.510 
15V 
3 
10 
mV 
REG1117 (Adjustable) 
Note 1 
10= 10mA, V,N- 
Vo= 
1.510 13.75V 
0.1 
0.4 
% 


LOAD REGULATION 
REG1117-2.85 
Note 1 
10= 0 10 800mA, V,N = 4.25V 
2 
10 
mV 
REG1117-3 
Note 1 
10= 0 to aOOmA, V,N = 4.5V 
2 
12 
mV 
REG1117-3.3 
Note 1 
10: 0 10 aOOmA, V,N: 
4.av 
3 
12 
mV 
REG1117-5 
Note 1 
10: 0 10 aOOmA, V,N = 6.5V 
3 
15 
mV 
REG1117(2) (Adjuslable) 
Note 1 
10= 10 to aOOmA, V,N- 
VO' 
3V 
0.1 
0.4 
% 


DROPOUT 
VOLTAGEI') 
All Models 
Nole 1 
10= 100mA 
1.00 
1.10 
V 
Note 1 
'0: 
500mA 
1.05 
1.15 
V 
, 
Note 1 
'0: 
aOOmA 
1.10 
1.20 
V 


CURRENT 
LIMIT 
All Models 
V,N-Vo=5V 
aoo 
950 
1200 
mA 


MINIMUM 
LOAD CURRENT 
REG1117 (Adjustable) 
Nole 1 
V,N - 
VO' 
13.75V 
1.7 
5 
mA 


QUIESCENT 
CURRENT 
Fixed-Voltage 
Models 
NOle 1 
V,N-Vo·5V 
. 
4 
10 
mA 
REG1117 AdJust 
Pin Current<2, 
NOle 1 
50 
120 
vA 
vs Load Current 
Nole 1 
'0: 
10mA to aOOmA, V,N- 
VO' 
1_4 to 10V 
0.5 
5 
vA 


THERMAL 
REGULATION!" 
All Models 
30ms Pulse 
0.01 
0.1 
%/W 


RIPPLE 
REJECTION 
All Models 
I: 120Hz, V,N - 
VOUT= 3V+1Vpp 
Ripple 
62 
dB 


TEMPERATURE 
DRIFT 
Fixed-Voltage 
Models 
TJ = O·C 10 +125·C 
0.5 
% 
REG1117 
(Adjuslable) 
TJ = O°C to +125°C 
2 
% 


LONG·TERM 
STABILITY 
All Models 
TA = +125·C, 
1000Hr 
0.3 
% 


OUTPUT 
NOISE 
RMS noise All Models 
I. 10Hz 1010kHz 
0.003 
% 


THERMAL 
RESISTANCE 
8JC All Models 
(Junclion-to-Case 
at Tab) 
15 
·C/w 


NOTES: (1) Specification 
applies over the full operating Junction temperature 
range, O°C to 125°C. (2) REG11t? 
adjustable version requires a minimum load current 
for ±2% load regulation. 
(3) Dropout voltage is the Input voltage minus output voltage that produces a 1% decrease 
in output voltage. (4) Percentage change in 
unloaded oUlpul voltage belore vs after a 30ms power pulse 01 '0 = aOOmA, V,N - 
Vo = 1.4V. 


The Information prOVided herein is belieVed to be reliable; however, BURR·BROWN 
assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications 
are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant 
any BURR-BROWN 
product for use in life support devices and/or systems. 
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Power 
Dissipation 
Internally 
Limited 
Input Voltage.. 
.. 
15V 


Operating 
Junction Temperature 
Range 
O°C to +125°C 
Storage 
Temperature 
Range 
.. 
. 
-40°C 
to +150°C 


Lead Temperature 
(soldering, 
10S)(1) 
.. 
+300°C 


MODELl') 
PART MARKING 
PACKAGE 


REG1117-2.85 
BB11172 
Plastic SOT-223 
REG1117-3 
BB11173 
Plastic SOT-223 
REG1117-3.3 
BB11174 
Plastic SOT-223 
REG1117-5 
BB11175 
Plastic SOT -223 
REG1117 
BB1117 
Plastic SOT -223 


PACKAGE 
DRAWING 
MODEL 
PACKAGE 
NUMBER!') 


REG1117-2.85 
Plastic SOT -223 
311 
REG1117-3 
Plastic SOT -223 
311 
REG1117-3.3 
Plastic SOT -223 
311 
REG1117-5 
Plastic SOT-223 
311 
REG1117 
Plastic SOT -223 
311 


ena:0!;( 
..J 
::) 


VOUT 
C' 
W 


(Substrate) 
a: 
Cz 
<C 
enw0z 
wa: 
w 
LL 
Wa: 


8.43 


Ground (Fixed-Voltage 
Models) 


- - - - - - - - -0 Adj. (Adjustable-Voltage 
Model) 
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CN = 10"F 


C"",.10"F 
Tantalum 
VN = 4.25V 
Preload = 0.1A 


Figure I shows the basic hookup diagram for fixed-voltage 
models. 
All models require an output capacitor 
for proper 
operation and to improve high frequency 
load regulation. 
A 


1O~ tantalum 
capacitor is recommended. 
Aluminum 
elec- 


trolytic types of 50~ 
or greater can also be used. A high 


quality 
capacitor 
should 
be used to assure 
that the ESR 
(effective 
series resistance) 
is less than 0.512. 


Figure 
2 shows a the hookup 
diagram 
for the adjustable 
voltage 
model. Resistor 
values are shown for some com- 


monly used output voltages. Values for other voltages can be 
calculated 
from the equation 
shown in Figure 2. For best 
load regulation, 
connect R I close to the output pin and R2 


close to the ground side of the load as shown. 


10J!F 


TantalumI 


+ 10J!F 
I Tantalum 


C, 


10J!FI 
VO' 
R, + R, 
• (1.25V) + (50J!A) (R,) 


R, 
/ 


- 
C'N' 
lJ!F 
f- COUT = 10J!F Tantalum 


- 


___I 


OUT 
·0.1A 


1 


,V 


~ 


I 


-40 
~ 
~ 
5.25 
g 
4.25 
!3.25 o 
m 
~ 
W 
W 
100 1m 
1~ 1W lW = 


Time (J!s) 


The 
REG 1117 has current 
limit 
and thermal 
shutdown 
circuits that protect it from overload. The thermal shutdown 
activates 
at approximately 
TJ = 165°C. For continuous 
op- 
eration, 
however, 
the junction 
temperature 
should 
not be 
allowed 
to exceed 
125°C. 
Any tendency 
to activate 
the 
thermal 
shutdown 
in normal 
use is an indication 
of an 


inadequate 
heat sink or excessive 
power dissipation. 
The 
power dissipation 
is equal to: 


Po = (VIN - VOUT) 
lOUT 


The junction 
temperature 
can be calculated 
by: 


TJ = TA + Po (lIJA) 


where TA is the ambient temperature, 
and 


~A is the junction-to-ambient thermal resistance" 


The REG 1117 derives heat sinking from conduction 
through 
its copper leads, especially 
the large mounting 
tab. These 
must be soldered to a circuit board with a substantial amount 
of copper 
remaining 
(see Figure 
3). Circuit 
board 
traces 
connecting 
to the tab and the leads should be made as large 
as practical. 
Other nearby circuit traces, including those on 
the back side of the circuit board, help conduct 
heat away 


This term is negligible with 
proper choice of values-see 
table at right. 


VoudV) 
R, (OJ!') 
R2(Oj(2) 


1.25 
Open 
Short 
1.5 
750 
147 
2.1 
158 
107 
2.85 
169 
215 
3 
137 
191 
3.3 
115 
187 
5 
113 
340 
10 
113 
787 
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SOLDERING 
METHODS 


The REG 1117 package 
is suitable for infrared 
reflow and 


vapor-phase 
reflow soldering 
techniques. 
The high rate of 
temperature change that occurs with wave soldering, or hand 
soldering 
can damage the REG 1117. 


from the device, even though they are not electrically connected. 
Make all nearby copper traces as wide as possible and leave 
only narrow gaps between traces. 


Table I shows approximate 
values of 8JA for various circuit 


board and copper 
areas. Nearby 
heat dissipating 
compo- 
nents, circuit board mounting conditions and ventilation can 
dramatically 
affect the actual 8IA. 


A simple experiment 
will determine 
whether the maximum 
recommended 
junction temperature 
is exceeded in an actual 
circuit 
board 
and 
mounting 
configuration: 
Increase 
the 
ambient temperature 
above that expected 
in normal opera- 
tion until the device's 
thermal shutdown is activated. If this 
occurs at more than 40°C above the maximum 
expected 
ambient 
temperature, 
then the TJ will be less than 125°C 
during normal operation. 


TOPSIDE(') 
BACKSIDE 
TOTAL PC BOARD 
COPPER 
COPPER 
THERMAL RESISTANCE 
AREA 
AREA 
AREA 
JUNCTION-Ta-AMBIENT 


2500mm2 
2500mm' 
2500mm' 
46°CIW 


2500mm2 
1250mm2 
2500mm' 
47°CIW 


2500mm' 
950mm2 
2500mm' 
49°CIW 


2500mm' 
2500mm' 
0 
51°CIW 


2500mm' 
1800mm' 
0 
53°CIW 


1600mm2 
600mm2 
1600mm' 
55°CIW 


2500mm' 
1250mm' 
0 
58°CIW 


2500mm' 
915mm2 
0 
59°CIW 


1600mm' 
600mm2 
0 
67°CIW 


900mm2 
340mm2 
900mm2 
72°CIW 


900mm2 
340mm2 
0 
85°CIW 


INSPEC Abstract Number: B91007604, 
C91012627 
Kelly, E.G. ''Thermal 
Characteristics 
of Surface 
5WK9Q 
Packages." 
The Proceedings 
of SMTCON. 
Surface Mount 
Technology Conference and Exposition: Competitive Surface 
Mount Technology, Apri13-6, 
1990, Atlantic City, NJ, USA. 


Abstract Publisher: IC Manage, 
1990, Chicago, IL, USA. 
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18-LINE SCSI 
ACTIVE TERMINATOR 


FEATURES 


• 
COMPLIES 
WITH SCSI-2 SPECIFICATIONS 


• 
INTERNAL 
2.9V REGULATOR 


• 
ON-CHIP 
TERMINATION 
RESISTORS 


• 
DISCONNECT 
ALL TERMINATION 
RESISTORS 
WITH A SINGLE 
LOGIC 
COMMAND 


• 
POWER-DOWN 
MODE: 
150IJA max 


• 
LINE CAPACITANCE: 
10pF typ 


• 
CURRENT 
LIMIT AND THERMAL 
SHUT- 
DOWN PROTECTION 


• 
28-Lead 
SOIC and SSOP PACKAGES 


The 
REG5601 
is an 
18-line 
active 
terminator 
for 
SCSI-2 (Small Computer Systems Interface) circuitry. 
On-chip resistors and 2.9V regulator provide the pre- 
scribed 
llOn 
termination 
for low power dissipation 
and high speed data transmission. 


All line connections 
can be disconnected 
from the bus 


with 
a single 
logic 
control 
line to reduce 
standby 


power consumption. 
Output lines remain high imped- 
ance without power applied. Each line is individually 
clamped at ground to dissipate negative-going 
glitches. 


The 2.9V regulator 
is current-limited 
and thermally 


protected. 
Regulated 
output 
is available 
for external 
circuitry. 


The REG5601 
is available 
in 28-lead SOIC and fine- 
pitch SSOP packages 
and is specified 
for operation 
over the O°C to 70°C temperature 
range. 


BURR 
- BROWN~ 
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REG5601U 
REG5601E 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


POWER SUPPLY 
Termpwr 
Supply Voltage 
4.0 
5.25 
4.0 
5.25 
V 
Termpwr 
Supply Current 
All Termination 
Lines"" 
Open 
14 
25 
14 
25 
mA 
All VTERM = 0.5V 
385 
430 
385 
430 
mA 
Power-Down 
Mode 
Disconnect. 
Open (High) 
100 
150 
100 
150 
~ 


TERMINATION 
LINES 
Termination 
Impedance 
.6.ITERM= SmA to 1SmA 
107 
110 
115 
107 
110 
115.5 
n 
Output High Voltage 
Termpwr 
= 4VI'j 
2.65 
2.8 
2.65 
2.8 
V 
Maximum 
Output 
Current 
VTERM 
= O.SV 
20.5 
21.7 
22.4 
19.8 
21.7 
22.4 
mA 
Termpwr 
= 4V, VTERM 
= O.5V(1) 
19.4 
21 
22.4 
19 
21 
22.4 
mA 
Output Clamp Level 
ITERM = -30mA 
-0.2 
-0.05 
0.1 
-0.2 
-0.05 
0.1 
V 
Output Leakage 
Disconnect = Open (High), Tempwr = OV to 5.25V 
20 
400 
20 
400 
nA 
Output Capacitance 
Disconnect. 
Open (High) 
10 
10 
pF 


REGULATOR 
Regulator 
Output Voltage 
2.8 
2.9 
3.0 
2.8 
2.9 
3.0 
V 
Line 
Regulation 
Termpwr = 4V to 6V 
6 
20 
6 
20 
mV 
Load Regulation 
IREO • 0 to 400mA 
20 
50 
20 
50 
mV 
Drop-Out Voltage 
All VTERM = 0.5V, t.vREO 
= 100mV 
1.0 
1.2 
1.0 
1.2 
V 
Short-Circuit 
Current 
VREO = OV 
450 
1350 
1650 
450 
1350 
1650 
mA 
Current Sink 
VREO = 3.5V 
8 
11 
8 
11 
mA 
Thermal Shutdown 
170 
170 
°C 


DISCONNECT 
LOGIC INPUT 
Disconnect 
Threshold 
0.8 
1.6 
2.0 
0.8 
1.6 
2.0 
V 
Threshold 
Hysterisls 
200 
200 
mV 
Input Current (Internal PUll-Up) 
.. 
Disconnect"" 
OV 
6 
15 
6 
15 
~A 


TEMPERATURE 
RANGE 
Operating 
0 
70 
0 
70 
°C 
Storage 
-40 
150 
-40 
150 
°C 
8JL (junction 
to lead) 
20 
20 
°CIW 


CONNECTION 
DIAGRAM 


Top View 
SOIC 
SSOP 
Disconnect 
0 
28 
GND 


Termination 
Line 1 
Termination 
Line 18 


Termination 
Line 2 
Termination 
Line 17 


Termination 
Line 3 
Termination 
Line 16 


Termination 
Line 4 
Termination 
Line 15 


Termination 
Line 5 
Termination 
Line 14 


(Thermal) GND 
GND (Thermal) 
REG5601 
(Thermal) GND 
GND (Thermal) 


(Thermal) GND 
GND (Thermal) 


Termination 
Line 6 
Termination 
Line 13 


Termination 
Line 7 
Termination 
Line 12 


Termination 
Line 8 
Termination 
Line 11 


Termination 
Line 9 
Termination 
Line 10 


Termpwr 
14 
15 
Reg Out 


Termpwr 
Voltage 
+7V 
Signal Line Voltage 
. 
OV to +7V 
Regulator Output Current 
1.65A 
Power 
Dissipation 
2.5W 
Operating 
Junction 
Temperature... 
. 
-40°C 
to +150°C 
Storage 
Temperature 
-40°C 
to +150°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER'" 


REG5601U 
Plastic 28-Lead SOIC 
217 
REG5601E 
Plastic 28-Lead SSOP 
324 


A 
ELECTROSTATIC 
~ 
DISCHARGE SENSITIVITY 


This integrated circuit can be damaged by ESD. Burr-Brown 
recommends 
that all integrated 
circuits 
be handled 
with 
appropriate 
precautions. 
Failure to observe proper handling 
and installation 
procedures 
can cause damage. 
NOTE: 
Pin 28 is electrical 
ground. 
Connect 
pins 
7,8,9,20,21,22 
to large circuit 
trace for proper 
heat 
sinking. 
Connect 
to ground 
or leave open-circuit. 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility 
for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change without notice. No patent rights or 
licenses to any of the circuits described herein are implied or granted to any third party. BURR·BROWN does not authorize or warrant any BURR·BROWN product for use in life support 
devices and/or systems. 
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Termpwr 


Disconnect 
Regulator 
15 


REG5601 Output 
+I 
4.7~F Tantalum 


To 
{ 
Controller 


Transceivers 


4V to 5.25V 


4.7~F Tantalum 
+0- 


Termpwr 


15 
Regulator 
Disconnect 


Output REG5601 
+ 
4.7~F 
Tantalum I 


} 


To 


Controller 
Transceivers 


·(18line.) 
I 
I 
I 
I 
I 
I 


8JL 
8eA 
8JA 
CIRCUIT BOARD 
JUNCTION 
TO LEAD 
+ 
BOARD TO AMBIENT - 
JUNCTION 
TO AMBIENT 
PACKAGE 
MATERIAL 
(OCIW) 
(OCIW) 
("C!W) 


S0-28 
l-Layer<" 
20 
+ 
30 
- 
50 
3-Layer<>' 
20 
+ 
21 
= 
41 
Aluminum(3) 
20 
+ 
12 
- 
32 


SSOP-28 
1-Layer<" 
20 
+ 
36 
= 
56 
3-Layer<>' 
20 
+ 
23 
= 
43 
Aluminum(3) 
20 
+ 
13 
= 
33 


The REG5601 
has current limit and thermal shutdown that 
protect it from damage during output short-circuit or overload. 
The current 
limit is approximately 
1350mA 
and thermal 
shutdown 
activates 
at a junction 
temperature 
of approxi- 
mately 175°C. For good reliability, the junction temperature 
should 
not exceed 
125°C. 
Any tendency 
to activate 
the 
thermal shutdown during normal operation is an indication of 
inadequate heat sinking and/or excessive power dissipation. 


Heat is dissipated primarily by conduction 
through the leads 
to circuit 
board traces. 
It is important 
to connect 
the six 
thermal ground leads (7, 8, 9, 20, 21, 22) to a large circuit 
trace-see 
Figure 2. Measured 
values of thermal resistance 
for various 
circuit 
board 
materials 
are shown. 
These 
are 
approximate 
values. 
Variations 
in circuit 
board 
pattern, 


mounting 
techniques, 
air flow, proximity 
to other circuit 
boards and heat sources will affect thermal performance. 


A simple experiment will detem1ine whether the actual circuit 
board layout is adequate (Le., OnA is low enough) so that the 
maximum recommended junction temperature of the REG560 I 
will not be exceeded. The procedure uses the internal thermal 
shutdown feature of the REG5601 (at TJ = 175°C) to deter- 
mine when the junction 
is approximately 
50°C above the 
maximum recommended junction temperature 
(TJ = 125°C). 


Operate the circuit with normal or other desired test electrical 
conditions. Increase the ambient temperature 
and detem1ine 
the value at which thermal1imit 
occurs (by sensing a sudden 
drop in VREG output). At this point TJ is approximately 
175°C. 


If this occurs at an ambient temperature 
of more than 50°C 
above the system ambient temperature design goal, the TJ will 
not exceed 125°C under the same electrical conditions when 
the ambient temperature is at the system design goal value. 
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LOW CAPACITANCE 
18-Line SCSI 
ACTIVE TERMINATOR 


• 
ACTIVE 
18-Line TERMINATOR 


• 
2pF CAPACITANCE 
PER LINE 
IMPORTANT 
FOR SCSI FAST-20 


• 
ON-CHIP 
TERMINATION 
RESISTORS 


• 
ALL TERMINATIONS 
DISCONNECT 
WITH 
SINGLE 
LOGIC SIGNAL 


• 
325mA 
CURRENT 
SINKING 
FOR ACTIVE 
NEGATION 


• 
22.4mA 
PER LINE DURING ASSERTION 


• 
CURRENT 
LIMIT AND THERMAL 
LIMIT 


• 
HOT-SOCKET 
CAPABLE 


• 
28-Lead 
SOIC and SSOP PACKAGES 


The REG5608 
is a low capacitance 
I8-line 
active 


terminator 
for 
SCSI 
(Small 
Computer 
Systems 


Interface) 
parallel bus systems. On-chip resistors 
and 


voltage 
regulator 
provide 
the prescribed 
SCSI 
bus 


termination. 
Low 
line 
capacitance 
(2pF) 
meets 
requirements 
for high data rate systems. 


All terminations 
can be disconnected 
from the bus 
with a single 
logic 
control 
line. In the disconnect 


mode, 
output 
lines remain 
high impedance 
with or 
without 
power 
applied. 
This 
allows 
"hot 
socket" 
equipment 
plugging 
as required 
for "plug and play" 
applications. 


The internal voltage regulator is temperature-compen- 
sated to assure proper termination 
characteristics 
over 
a wide operating 
range. Output current 
and thermal 
limit circuitry protect against damage. 


The 
REG5608 
is available 
in 28-lead 
SOIC 
and 
fine-pitch 
SSOP packages 
and is specified for O°C to 


70°C operation. 


SCSI 
Termination 


Lines 
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REG5608U 
REG5608E 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY 
TERMPWR 
Supply Voltage 
4 
5.25 
V 
TERMPWR 
Supply Current 
All Termination lines Open Circuit 
18 
25 
mA 


All VUNE • 0.5V 
390 
430 
mA 


Disconnect 
'"' High 
5 
mA 


TERMINATION 
LINES 
Termination 
Impedance 
!>luNE 
m 5 to 15mA 
104.5 
110 
115.5 
Q 
Output Termination 
High Voltage(1) 
TERMPWR 
= 4.0V 
2.65 
2.9 
3.0 
V 
Maximum 
Line Current 
VUNE 
-= O.5V 
: 
T. = O'C to 70'C 
19.8 
21.5 
22.4 
mA 


T. = 25'C 
20.3 
21.5 
22.4 
mA 
TERMPWR 
= 4.0V, T.=O'C 
to 70'CI') 
19.0 
21.5 
22.4 
mA 


TERMPWR 
• 4.0V, T. 
= 25'CI') 
19.5 
21.5 
22.4 
mA 


Line Leakage Current 
Disconnect = High 
TERMPWR 
= 5.25V, VUNE = OV 
10 
400 
nA 


TERMPWR = 5.25V, VUNE = 5.25V 
10 
400 
nA 


TERMPWR. 
OV, VUNE • 5.25V 
10 
400 
nA 


Line Capacitance 
Disconnect 
"" High 
REG5608U 
SO-28 Package 
2.5 
pF 


REG5608E 
SSOP-28 
1.8 
pF 


REGULATOR 
Output Voltage 
2.8 
2.9 
3.0 
V 


Line Regulation 
TERMPWR 
= 4.0 to 6.0V 
2 
20 
mV 


Drop-Out Voltage 
All VUNE 
• 0.5V, !>Reg Out = 100mV 
0.9 
1.2 
V 
Source Current Limit 
Reg Out = OV 
400 
550 
950 
mA 
Sink Current Limit 
Reg Out = 3.5V 
100 
325 
500 
mA 
Thermal Shutdown, 
TJ 
145 
'c 


DISCONNECT 
LOGIC INPUT 


Input High Voltage 
(Logic High = Switches Open) 
2 
TERMPWR 
V 
Input Low Voltage 
(Logic Low = Switches Closed) 
0 
0.8 
V 
Input Low Current 
10 
20 
~ 
Threshold 
Hysteresis 
50 
mV 


TEMPERATURE 
RANGE 


Specification 
0 
25 
70 
'C 
Storage 
-40 
150 
'C 
9Jl (Junction to Lead) 
20 
'CIW 


The infonTlation provided herein is believed to be reUable; however, 
BURR-BROWN 
assumes 
no responsibility 
for inaccuracies 
or omissions. 
BURR-BROWN 
assumes 
no responsibility 


for the use of this information, 
and all use of such information 
shall be entirely at the user's own risk. Prices and specifications 
are SUbject to change without notice. No patent rights or 


licenses to any of the circuits described 
herein are implied or granted to any third party. BURR-BROWN 
does not authorize or warrant any BURR·BROWN 
product for use in life support 
devices and/or systems. 
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Disconnect 
0 
28 
GND 


Termination 
Line 1 
Termination 
Line 18 


Termination 
Line 2 
Termination 
Line 17 


Termination 
Line 3 
Termination 
Line 16 


Termination 
Line 4 
Termination 
Line 15 


Termination 
Line 5 
Termination 
Line 14 


(Thermal) GND 
GND (Thermal) 


REG5608 


(Thermal) GND 
GND (Thermal) 


(Thermal) GND 
GND (Thermal) 


Termination 
Line 6 
Termination 
Line 13 


Termination 
Line 7 
Termination 
Line 12 


Termination 
Line 8 
Termination 
Line 11 


Termination 
Line 9 
Termination 
Line 10 


TERMPWR 
14 
15 
Reg Out 


NOTE: Pin 28 is electrical ground. Connect pins 
7.8,9,20,21,22 
to large circuit trace for proper heat 
sinking. Connect to ground or leave open-circuit. 


TERMPWR 
Voltage 
. 
+7V 
Signal Line Voltage _ 
OV to +7V 
Junction Temperature 
+150°C 
Storage Temperature 
-40°C 
to +150°C 


PACKAGE 
DRAWING 


MODEL 
PACKAGE 
NUMBER!') 


REG5608U 
Plastic 28-Lead sOle 
217 
REG5608E 
Plastic 28-Lead SSOP 
324 


co 
A 
ELECTROSTATIC 
g 
~ 
DISCHARGE SENSITIVITY 
~ 


This integrated circuit can be damaged by ESD. Burr-Brown 
W 
recommends 
that all integrated 
circuits be handled 
with 
f:t 


appropriate precautions. Failure to observe proper handling. 
and installation procedures can cause damage. 
: 


For Immediate Assistance, Contact YourLocal Salesperson 


TYPICAL PERFORMANCE CURVES 


23 


;; 
.§. 
22 


<= 
~ 
tl 


<= 
21 
~ 
<= 
'E:;;; 
20 
•... 


YUNE = 0.5Y 


25 
50 
75 


Temperature 
(0C) 


Figure 
1 shows 
a typical 
SCSI 
parallel 
bus termination 


circuit. Bypass capacitors should be connected to TERMPWR 
and Reg Out pins as shown. 


Line capacitance 
of the REG5608 
has been reduced to less 


than 
one-fourth 
that 
of the 
first-generation 
integrated 
terminator 
ICs. Capacitance 
difference 
between 
package 
types and variation by pin number is shown in the typical 
performance 
curve, "Line Capacitance 
vs Pin Number." 
It 


shows that the SSOP package 
provides 
the lowest capaci- 
tance 
with 
typical 
values 
under 
2pF. 
This 
variation 
is 


produced primarily by the differences 
in the interconnection 
length to the Ie. 
Of course, 
actual line capacitance 
on a 


circuit board is generally determined by circuit board layout. 
To achieve lowest line capacitance, 
minimize the total circuit 
board interconnection 
length from the interface cable to the 
SCSI transceiver 
IC and to the REG5608 
terminator. 


THERMAL 
CONSIDERATIONS 


The 
REG5608 
has 
internal 
current 
limit 
and 
thermal 


shutdown 
that protect 
it from damage 
in case of output 


short-circuit 
or overload. 
The 
current 
limit 
is approxi- 
mately 
550mA 
and 
thermal 
shutdown 
activates 
at a 
junction 
temperature 
of approximately 
145°C. For good 
long-term 
reliability, 
the junction 
temperature 
should not 
exceed 
125°C. 
Any 
tendency 
to activate 
the 
thermal 
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FIrst-Generation 
Terrmnator 


REG5608U sale 
Pacl<age 
- 
- -- _1. ~L""'-~--~ 
-- -- 
-i' -t,i-T - 


REG5608E SSOP Pad<age 


2 
3 
4 
5 
6 
10 
11 
12 
13 


27 
26 
25 
24 
23 
19 
18 
17 
16 


Pin Number 


shutdown 
during 
normal 
operation 
is an indication 
of 
inadequate 
heat 
sinking 
and/or 
excessive 
power 
dissipation. 


The terminator's 
internal power is Gissipated primarily 
by 
conduction 
through the package leads to circuit board traces. 


It is important to connect the six thermal ground leads (7, 8, 
9, 20, 21, 22) to a large circuit trace-see 
Figure 2. Typical 
measured 
values of thermal 
resistance 
for various 
circuit 
board materials 
are shown. These are approximate 
values. 


Variations 
in circuit board pattern, mounting techniques, 
air 
flow, proximity to other circuit boards and heat sources will 
affect thermal performance_ 


A simple experiment will determine whether the actual circuit 
board layout is adequate (i.e., OaA is low enough) so that the 
maximum recommended junction temperature of the REG5608 
will not be exceeded. The procedure uses the internal thermal 
shutdown 
feature 
of the 
REG5608 
(at TJ = 145°C) 
to 
determine when the junction is approximately 
20°C above the 
maximum recommended junction temperature 
(TJ = 125°C). 


Operate the circuit with normal or other desired test electrical 
conditions. Increase the ambient temperature 
and determine 
the value at which thermal limit occurs (by sensing a sudden 
drop in VREG output). At this point TJ is approximately 
l45°e. 


If this occurs at an ambient temperature 
of more than 20°C 
above the system ambient temperature design goal, the TJ will 
not exceed 125°C under the same electrical conditions when 
the ambient temperature 
is at the system design goal value. 
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4Vto 
5.25V 


4.7~F Tantalum 
+b.- 


14 
-=- 


TERMPWR 


Disconnect 
Reg 
15 


REG5608 
Out 


Gnd 
+ 4.7~F 


T18 
T1 
I 
Tantalum 
-=- 
27 
••• 


(18 Lines) 


---< 
---< 


To other SCSI Devices 
and opposite-end 


termination 


8JL 
Be. 
8J• 


CIRCUIT BOARD 
JUNCTION 
TO LEAD 
+ 
BOARD TO AMBIENT 
= 
JUNCTION 
TO AMBIENT 
PACKAGE 
MATERIAL 
('CIW) 
(0ClW) 
("eIW) 


S0-28 
1-Laye~1} 
20 
+ 
30 
= 
50 


3-Laye~2} 
20 
+ 
21 
= 
41 


Aluminum(3) 
20 
+ 
12 
- 
32 


SSOP-28 
1-Laye~1} 
20 
+ 
36 
- 
56 


3-Laye~2} 
20 
+ 
23 
= 
43 
Aluminum{3) 
20 
+ 
13 
- 
33 
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Demonstration 
Boards 


Burr-Brown offers a wide variety of demonstration 
boards for both its Linear and Mixed Signal Prod- 
ucts. New boards for new products are continually 
being added to the selection---contact the factory 
your local salesperson for availability. 


NOTE: All evaluation fixtures whose model num- 
ber ends with a 'C' include the product or products 
mentioned. All others do not include the product, 
except where specifically noted. 


MODEL 
PRODUCT 


DEM-ACF21 01BP-C 
ACF2101BP 


DEM-ADS1210P-C 
ADS1210P 


DEM-ADS1211 P-C 
ADS1211P 


DEM-ADS7804/05C 
ADS7804/05 


DEM-ADS7806/07C 
ADS7806/07 


DEM-ADS7808/09C 
ADS7808/09 


DEM-ADS7810/19C 
ADS781 0/19 


DEM-ADS7833 
ADS7833 


DEM-ADS800U 
ADS800U 


DEM-ADS801 U 
ADS801U 


DEM-ADS802U 
ADS802U 


DEM-ADS820U 
ADS820U 


DEM-ADS821 U 
ADS821U 


DEM-BUF600-1 GC 
BUF600AP 


DEM-BUF601-1GC 
BUF601AP 


DEM-DAC650J-E 
DAC650JL 


DEM-DDC1 01P-C 
DDC101P 


DEM-MPC1 00-1 GC 
MPC100AU 


Evaluation Fixture with Programmable Timing Generator 


Evaluation Fixture-24-bit 
single channel AID converter; 


includes FFT Software and IBM PC Interface. 
enc 
a:: 
c:(omzo 


~a:: 
~en 
Evaluation 
Fixture-12-bit, 
40MHz 
ADC, 
AC-and 
DC- 
Z 
coupled inputs, on-board clock, bus driver, SMA connectors. 0 
~ 
Evaluation 
Fixture-12-bit, 
25MHz 
ADC, AC- and DC- 
W 
coupled inputs, on-board clock, bus driver, SMA connectors. 
C 


Evaluation 
Fixture-12-bit, 
10MHz ADC, AC- and DC- 
coupled inputs, on-board clock, bus driver, SMA connectors,. 


Evaluation Fixture-10-bit, 
20MHz ADC, AC- and DC- 
coupled inputs, on-board clock, bus driver, SMA connectors. 


Evaluation Fixture-10-bit, 
40MHz 
ADC, AC- and DC- 
coupled inputs, on-board clock, bus driver, SMA connectors. 


Evaluation Fixture-900MHz 
Buffer Amplifier 


Evaluation Fixture-650MHz 
Buffer Amplifier 


Evaluation Fixture-Digital 
Input and Analog Output (all 
SMA connectors). 
The part is included and soldered to 
the board. 


Evaluation Fixture,- 
includes the DDC101 board, inter- 
face board to connect to parallel PC-port and software. 
Supports all DDC101 options plus FFT. 


Evaluation 
Fixture-4 
to 1 High Speed Multiplexer 
and 
Output Buffer BUF601AU. 


Evaluation 
Fixture-24-bit 
four channel 
AID converter; 


includes FFT Software and IBM PC Interface. 


Evaluation Fixture-Analog 
Input and Digital Output 


Evaluation Fixture-Analog 
Input and Digital Output 


Evaluation Fixture-Analog 
Input and Digital Output 


Evaluation Fixture-Analog 
Input and Digital Output 


Evaluation Fixture-12-bit 
data acquisition system; board 
includes LCD display, microcontroller 
and reconstruction 
DAC. 
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MODEL 
PRODUCT 


DEM-MPC102-1GC 
MPC102AU 


DEM-OPA465xP 
OPA465xP 


DEM-OPA465xU 
OPA465xU 


DEM-OPA622-1 GC 
OPA622AP 


DEM-OPA623-1 GC 
OPA623AP 


DEM-OPA628AP-C 
OPA628AP 


DEM-OPA628AU-C 
OPA628AU 


DEM-OPA64XP-Y 
OPA64XP 


DESCRIPTION 


Evaluation Fixture-Dual 
2 to 1 High Speed Multiplexer 
and optional output buffer, BUF601 AU. 


Evaluation 
Fixture-Unpopulated 
board for quad 
High 
Speed op amp OPA465x in DIP package. 


Evaluation 
Fixture-Unpopulated 
board for quad 
High 
Speed op amp OPA465x in SOIC package. 


Evaluation 
Fixture-For 
voltage 
and current 
feedback 
configuration. 


Evaluation 
Fixture-High 
Speed 
current 
feedback 
Op 
Amp. 


Evaluation Fixture-User 
selectable configuration for the 
DIP package. 


Evaluation 
Fixture-User 
selectable 
configuration 
for the 
SOIC package. 


Evaluation Fixture-Three 
boards are offered for the DIP 
package of the OPA64X series of operational amplifiers. 
DEM-OPA64XP-F: 
follower 
configuration; 
DEM- 
OPA64XP-N: noninverting configuration; DEM-OPA64XP- 
I: inverting configuration. 
(Note: each board will operate 
with any OPA64XP 
series op amp. No component 
is 
included-it 
must be ordered separately.) 


Evaluation 
Fixture-Three 
boards 
are offered 
for the 
SOIC 
package 
of the OPA64X 
series 
of operational 
amplifiers. DEM-OPA64XU-F: follower configuration; DEM- 
OPA64XU-N: noninverting configuration; DEM-OPA64XU- 
N: noninverting configuration; 
DEM-OPA64XU-I: 
invert- 


ing configuration. 
(Note: each board will operate with any 
OPA64XU series op amp. No component is included-it 
must be ordered separately.) 


Evaluation 
Fixture-One 
board for OPA65X 
single 
op 
amps for the DIP package. 


Evaluation 
Fixture-One 
board for OPA65X 
single op 
amps for the SOIC package. 


Evaluation 
Fixture-One 
board for OPA265X 
dual op 
amps for the DIP package. 


Evaluation 
Fixture-One 
board for OPA265X 
dual op 
amps for the SOIC package. 


Evaluation Fixture-Five 
boards are offered for five differ- 
ent configurations. 
DEM-OPA660-1 GC: Diamond transis- 
tor 
and 
buffer; 
DEM-OPA660-2GC: 
Current-feedback 
operational 
amplifier; 
DEM-OPA660-3GC: 
Direct-feed- 
back amplifier; DEM-OPA660-4G: 
Layouts for all applica- 
tions using SOIC (unassembled); DEM-OPA660-5G: 
Lay- 
outs for all applications using DIP packages (unassembled) 


Evaluation 
Fixture-High 
speed voltage controlled 
cur- 
rent source. 
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MODEL 


DEM-PCM1700P-C 


PRODUCT 


PCM1700 


DEM-PCM1710 
PCM1710U 


DEM-DAI1710 
PCM1710U 


DEM-PCM1712 
PCM1712U 


DEM-PCM1715 
PCM1715U 


DEM-PCM1717 
PCM1717 


DEM-PCM1717-1 
PCM1717 


DEM-DAI1717 
PCM1717 


DEM-PCM1750P-C 
PCM1750 


DEM-PCM1760 
PCM1760/DF1760 


DEM-PCM63P-C 


DEM-PCM67P-C 


PCM63P 


PCM67P 


DESCRIPTION 


Evaluation Fixture-Serial/SPDIF 
Inputs (formerly DEM- 
1143). Includes product. 


Evaluation Fixture-Serial 
digital input, 8X digital interpo- 
lator (NPC5842), 
and analog output. 
A PCM1702P 
is 
included. The board will inter1ace directly to the DEM- 
1760. The fixture does not accept SPDIF input. 


Evaluation Fixture-Serial 
Digital Audio In. Left and Right 
channel analog out. 


Evaluation Fixture-Includes 
Digital Audio Inter1ace (DAI) 
receiver chip and dual 2nd-order lowpass output filters. 


Evaluation Fixture-Low 
cost version of PCM1710. 


Evaluation Fixture-Serial 
digital audio in. Left and right 
channel analog out, 


Evaluation Fixture-For 
the 16-/18-bit PCM1717 
enC 
Evaluation Fixture-For 
the 16-/18-bit PMC1717; includes 
a: 
PC inter1ace and control software. 
« 


Evaluation Fixture-For 
the 16-/18-bit PCM1717; includes 0 
Digital Audio Inter1ace, PC inter1ace and control software. 
ED 


Evaluation Fixture-Serial/Parallel 
Output, SPDF Out (For- 
Z 
merly DEM 1133). Includes product. 
0 


Evaluation Fixture-Analog 
input and serial digital output. 
~ 
A PCM1760P and DF1760P are included. The board will a: 
inter1ace directly to the DEM-1702. The fixture does not 
I- 


provide SPDIF output. 
enZ 
Evaluation Fixture-Includes 
Dual PCM63s, SPDIF Input 0 


Evaluation Fixture-Includes 
Dual PCM67s (single/dual 
:= 
supply operation), SPDIF Input. 
WC 
Evaluation Fixture-Analog 
Input, Parallel Data Output. 


Includes SHC5320 sample hold and PCM56 as a recon-. 
struction ADC (formerly DEM-1122). 
• 


Evaluation 
Fixture-Analog 
input, digital 
control 
input, 


and 
sample/hold 
output 
(all 
SMA 
connectors). 
A 
SHC605AU 
is included and is soldered to the board. 


Evaluation Fixture-Voltage 
Controlled Amplifier. 
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Tape and Reel Information 


The listed surface mount packages are available spooled on embossed carrier tape and reel, meeting 
EIA481-A requirements. Package numbers can be found in individual product data sheet. Package 
drawings can be found in Appendix C. 


TAPE WIDTH, W 
PITCH, P 
REEL DIAMETER 


PACKAGE 
NUMBER<') 
DESCRIPTION 
(mm) 
(mm) 
DEVICES PER REEL 
(mm) 


178 
24 
16 
1000 
360 


182 
SO-8 
12 
8 
2500 
360 


211 
SOL-16 
16 
12 
1000 
360 


217 
SO-28 
24 
12 
1000 
360 


219 
SOL-18 
24 
16 
1000 
360 


221 
24 
12 
1000 
360 


235 
SO-14 
16 
8 
2500 
360 


239 
SO-24 
24 
12 
1000 
360 


248 
24 
12 
1000 
360 


311 
SOT-23 
12 
8 
2500 
360 


322 
SSOP-16 
12 
8 
2500 
360 


250 
178 


324 
24 
12 
1000 
360 


325 
24 
16 
1000 
360 


328 
24 
16 
1000 
360 


331 
SOT23-5 
8 
4 
10.000 
360 
3000 
178 
250 
178 


332 
SOT23-6 
8 
4 
3000 
178 
250 
178 


333 
32 
16 
1000 
360 


334 
32 
16 
1000 
360 


337 
MSOP-8 
12 
8 
2500 
360 
250 
178 


NOTE: (1) Package numbers can be found in individual product data sheet in the "Package 
Information" 
table. Package drawings 
are in Appendix 
C. 
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Tape Slot in 
Core for Tape Start. 


2.5mm (0.098) min Widt~ 
I 


10mm (0.394) min DePt~ 


TAPE SIZE 
A MAX 
8 MAX 
C 
o MIN 
N MIN 
G 
TMAX 


12mm 
330mm 
1.5mm 
13.0 ±O.20mm 
20.2mm 
50mm 
12.4 + 1.0 
18.4mm 
Hl.Omm) 


16mm 
360mm 
1.5mm 
13.0 ±0.20mm 
20.2mm 
50mm 
16.4+1.0 
22.4mm 
(-{).08mm) 


24mm 
360mm 
1.5mm 
13.0 ±0.20mm 
20.2mm 
50mm 
24.4 + 1.0 
30.4mm 


(-{).OOmm) 
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Appendix C 
Package Drawings (Mechanicals) 


1 
LEADS 
IN TRUE POSITION 
WITHIN .0 1O~ (.25rnm) 
R 
@ 
MMC AT SEATING PlANE. 


2. 
PIN NUMBERS SHOWN FOR 
REFERENCE ONLY. 
NUMBERS 


MAY NOT BE 
MARKED ON 
PACKAGE. 


.335 
.380 


.305 
.335 


. HiS 
.165 


.016 
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0.25 
1.02 
0.25 
1.02 


5.08 
BASIC 
0.71 
0,86 


0.74 
1.14 
12.7 
-- 


2.79 
••06 
45' 
BASIC 
2.41 
2.67 


~ 


lASS 


•••••• 
WINDOW 


V 
U 
.•••.••..•••••:. 
"lE 


DO 0 DO 


• 
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.Dl0~ 
(.25mm) 
R 9 
MMC 
AT SEATING PLANE. 


2. PIN NUMBERS SHOWN fOR 
REfERENCE 
ONLY. 
NUMBERS 
MAY 
NOT BE 
MARKED ON 
PACKAGE. 
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ROTATED WITH 
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'~D1 
AREA 
~ 


1 
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AT 


P)2 LEAD 
0~ 
t 
f=~I 
eC 
c 
4 Pl 
h3 


eB~ 
• 
PL 


b 
I"4H010(.25)@Jcl 


INCHES 
MilliMETERS 
t 


INCHES 
MILLIMETERS 
i 


NOTES, 
8. 
POINTED OR ROUNDED 
LEAD TIPS ARE 


0'" 
tr.lIN. 
o.lAX. 
"'N. 


o.lAX. 
0'. 
l.l'N. 
I 
wuc, 
l.l1N. I MAX. 
I. 
ALL 
DIMENSIONS 
ARE 
IN INCHES. 
PREFERRED TO EASE INSERTION 


'1n 
, 
.000 I .060 
0.00 I 1.52 
6 
2. 
DIMENSIONING AND TOlERANCING 
PER 
9. 
b2 
AND 
bJ 
MAXIMUM 
D!totEN$ION$ 
00 
A -- 
eC 
ANSI Y14.5t.4-1982. 
NOT INCLUDE 
DAMBAR 
PROTRUSIONS. 
AI 
015 
n,. 
-- 
L 
.11:) I .150 
2.92 
3.81 
3 
3. 
DIMENSIONS A. A1, AND l 
ARE 
DAMBAR 
PROTRUSIONS 
SHAll 
NOT 


A2 
.11'': 
19' 
, 
Q? 
4 'IS 
N 
8 
8 
7 
t.4[ASURED 
WIlH 
THE PACKAGE 
SEATED 
EXCEED .010 
(O.25mm). 


b 
014 
.022 
0.36 
0.56 
IN JEDEC 
SEATING PLANE 
GAUGE GS-3 
10. 
DISTANCE BETWEEN LEADS 
INCLUDING 


b2 
n4' 
07n 
.7Ft 
9 


4. 
0, 
01, 
AND 
£1 
DIMENSIONS 
DO NOT 
OAMBAR PROTRUSIONS 
TO BE 
1 ,. 
INCLUDE 
l.AOlO flASH 
OR PROTRUSIONS. 
.005 
(O.lJmm) 
I.lINIMUI.l. 
b3 
030 
045 
n 76 
1.14 
9 
MOLD FLASH OR PROTRUSIONS 
SHAll 
11. 
A VISUAL 
INDEX 
fEATURE 
I.lUST 
BE 


C 
OOR 
01' 
070 
0]6 
NOT EXCEED 
.0lD 
(0.25mm). 
LOCATED WITHIN THE CROSS-HATCHED 
AREA. 


0 
.355 
.400 
9.02 
10.16 
4 
5. 
E AND 
eA MEASURED WITH THE lEADS 
12. 
fOR 
AUTOMATIC INSERTION, 
ANY 


01 
nn' 
-- 
0.13 
• 
CONSTRAINED TO BE PERPENDICUlAR 
RAISED IRREGULARITY ON THE TOP 


E 
,nn 
'" 
7fi? 


R 
'" 


TO DATUM~ 
SURfACE 
(STEP, 
MESA. ETC.) 
SHALL 


6. 
eB 
AND 
eC ARE MEASURED AT THE 
BE 
SYMMETRICAL ABOUT 
THE LATERAL 
E1 
.240 
.280 
6.10 
7.11 • 
lEAD 
TIPS WITH THE LEADS 
AND 
LONGITUDINAL 
PACKAGE 


e 
100 
BASIC 
2.54 
BASIC 
UNCONSTRAINED. 
CENTERlINES. 
eA 
30n 
~"', 
7.h"\ 
I=I:AC::lr 
5 
7. 
N IS THE MAXHJUt.4 OF TERt.4INAl 
PACKAGE 
NUMBER: 
ZZ006 
REV.' 
E 


4 
hn 
Q? 
6 
POSITIONS. 
JEOEC NU~BER, 
MS-001-BA 


Package 
Number 
008-' 
- 8-Pin 
Tranlparent 
Plaltic 
Single-Wide 
DIP 


IT: 0- 
V 
PHQTOOlOO£ 


8 
\~A h 
AREAJ1 


INOEX___ •••lH- t 
AREA 'i.- 
f- 
El 
LT~ 
~ 


POUSHED 
'I{ 
VIV 
~ 
SURfACE 


b2 --1 
-- 
-1t-T I;A2 


~ 


BASE ~ 


ITLJ 
~ 


PLANE 
- 


SEATING~H~ ~1Jd:1 
t 


"0", 
~ 
t t, L 
, 
, 


?/2 
LEAO 
CD I-- 
t 


eC~~~C 
4 
Pl 
bJ 


b 
CI1f101Q(25)@ICI 
eB~ 
4 PL 


INCH(S 
lAlLUlAETERS ~ 
INCHES 
I,1ILUNETERS ~ NOTES, 
9. 
b2 
,AJ\lO b3 
t.4AXIMUM DIMENSIONS 
00 


0'. 
t.CIN. 
>.<AX. 
t.CIN. 
o.lAX. 
! 0'. 
t.CIN. 
w.x. 
~IN. 
t.lAX. ! 1. All 
DIMENSIONS 
ARE 
IN INCHES. 
NOT INCLUDE 
OAMBAR PROTRUSIONS. 


A 
-- 
.165 
-- 
4.19 
3 
eC 
.000 
.060 
0.00 
1.52 
6 
2. 
DIt.4ENSION1NG AND 
TOlERANCING 
PER 
QAMBAR PROTRUSIONS 
SHAll 
NOT 


AI 
.015 
0.38 -- 
3 
1151 
.160 
.9' 
.06 
ANSI Yl •. 5M-1982. 
EXCEED .010 
(0.25mm). 


3. 
OIt.4ENSION$ A, A 1. AND 
l 
ARE 
10. 
DISTANCE BETWEEN LEADS 
INCLUDING 
A2 
.120 
.135 
3.05 
343 
N 
MEASURED WITH THE PACKAGE 
SEATED 
DAMBAR PROTRUSIONS 
TO BE 


b 
.014 
.022 
0.36 
0.56 
S 
.100 
.120 
2.54 
3.05 
IN JEOEC SEATING PLANE 
CAUGE GS~3. 
.005 
(0.1 .'5mm) 
MINIMUM . 
b2 
.040 
.050 
1.02 
1.27 
9 
T 
58 
88 
'S 
8.5' 
4 
0, 
01. 
AND 
El 
DIMENSIONS 
DO NOT 
11. 
A VISUAL 
INDEX 
fEATURE 
MUST BE 
lOCATED 
WITHIN CROSS-HATCHED 
AREA. 
b3 
.030 
.045 
0.762 
1.143 
9 
INCLUDE 
t.40lD 
FLASH OR PROTRUSIONS. 


MOLD fLASH 
OR PROTRUSIONS 
SHALL 
12. 
fOR 
AUTOMATIC INSERTION, 
Ari'( 
c 
.008 
.015 
0.20 
0.38 
NOT EXCEED 
.010 
(0.25mm). 
RAISED IRREGULARITY ON THE 
TOP 


0 
.360 
390 
9.14 
9.91 
4 
5 
E AND eA MEASURED WITH THE lEADS 
SURfACE 
(STEP, 
MESA, 
ETC.) 
SHAlL 
BE 


01 
.005 
0.13 
4 
CONSTRAINED TO BE PERPENDICULAR 
SYMMETRiCAl 
ABOUT 
THE LATERAL AND 
TO DATUMg;] . 
~ONGITUDINAl. 
PACKAGE CENTERLINES. 
E 
300 
.325 
7.62 
8.26 
5 
6. 
eB 
AND eC ARE MEASURED AT THE 
CENTER 
Of 
PHOTODIODE 
l.4UST BF: 
El 
1JfI 
275 
605 
699 
4 
ltAD 
liPS 
WITH THE lEADS 
lJNCONSTRAINED. 
WITHIN .010 
(O.25mm) 
or 
CENTER 
. 
.100 
BASIC 
2.54 
BASIC 
7. 
N 
1$ THE MAXIMUM 
Of 
TERMINAl 
POSITIONS 
Of 
PHOTOOIODE AREA. 
eA 
.JOO 
BASIC 
7.63 
BASIC 
5 
8 
POINTED OR ROUNDED 
LEAD TIPS ARE 
PACKAGE 
NUMBER: 
ZZ006 
1 
REV.: 
0 


eB 
.430 
110.92 
6 
PREfERRED 
TO EASE INSERTION. 
JEDEC NU~BER, 
NONE 


Burr-Brown Ie Data Book-Linear 
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I!1 
t 


~ 
-t 
El 


INDEX 
~ 


AREA 


1 
4 


~"~ 
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~E~ 
BASE' 
~ 


PLANE~ 
I 
I 1t 'Bm~C 


SEA11NG --- 
L 


PLANE 
~f--'A 
lTJ\.-'- 
-1 d- 
Al 
NOM. 


INCHES 
MILlIt.1ETERS 
~ 


INCHES 
MILLIIolETERS 
f 


N01ES. 


",M 
MIN. 
MAX 
M'N 
MAX 
o'M 
M'N 
MAX 
t.1IN. 
MAX 
1. 
ALL 
DIMENSIONS 
ARE 
IN 
INCHES. 
6. 
A VISUAL 
INDEX FEATURE MUST BE 


A 
-- 
.185 
-- 
4.70 
2. 
DIMENSIONING 
AND 
TOLERANCING 
LOCATED 
WITHIN 
THE 
CROSS-HATCHED 


Al 
.020 
0.51 
PER 
ANSI 
YI4.5M-1982. 
AREA. 


b2 -- 
.070 
1.78 
3. 
o 
AND 
E 1 
DIMENSIONS 
00 
N01 
7. 
FOR 
AUTOMATIC 
INSERTION. 
ANY 
, 
.007 
.013 
O.lJ01 
0.33 
INCLUDE 
MOLD 
FLASH 
OR 
RAJSEO 
IRREGULARITY 
ON 
1HE 


0 
.370 
.390 
9.40 
9.91 
3 
PROTRUSIONS. 
MOLD 
FLASH 
OR 
10P 
SURFACE 
(S1EP, 
MESA, 
£1C.) 


E 
?90 
.310 
7.37 
7.87 
PROTRUSIONS 
SHALL 
N01 
EXCEEO 
SHALL 
8E 
SYMME1RICAL 
A80U1 


El 
.240 
.260 
6.10 
6.60 
3 
.010 
(0.25mm). 
THE 
LATERAL 
AND 
LONGITUDINAL 
PACKAGE 
CENTERLINES. 


E2 
.370 
.390 
9.40 
9.91 
4. 
N 
IS 
THE 
MAXIMUM 
OF 
TERMINAL 
, 
.090 
.110 
2.29 
2.79 
POSITIONS. 


,A 
.015 
.035 
0.38 
089 
5. 
DIS1ANCE 
BnWEEN 
LEADS 


.8 
.015 
.025 
0.38 
0.64 
INCLUDING 
DAMBAR 
PROTRUSIONS 


N 
8 
8 
4 
TO 
BE 
.00S 
(O.13mm) 
MINIMUM. 


I 
PACKAGE 
NUMBER: 
ZZ006-2 
REV.: 
C 


I 
JEDEC 
NUMBER: 
NONE 


~0:-j 


INOEx-1I1 


AREA ~--l 


1 
4 


tNCHES 
MILLIM(TER~ 


H 


INCHES 
M1LLlu(TERS 
~ 


N01ES, 
9. 
b2 
AND 
b.3 MAXIMUM 
DIMENSIONS 
00 


"~ 
MAX 
"'N 
MAX 
~ "'M 
"'N 
MAX 
"". 


MAX. 
1. ALL 
DIMENSIONS 
ARE IN 
INCHES. 
NOT INCLUDE 
OAMBAR PROTRUSIONS. 
2. 
DIMENSIONING AND 
TOLERANCING PER 
OAMBAR PROTRUSIONS 
SHALL 
NOT 
-- 
.210 
-- 
5.33 
3 
.c 
.000 
.060 
0.00 
1.52 
6 
ANSI Y14.5M-1982. 
EXCEED .0lD 
(0.25mm). 
.015 
-- 
0.,8 
3 
L 
.115 
.150 
Z.9Z 
3.81 
3 
3. 
DIMENSIONS 
A, AI, 
AND l 
ARE 
10. 
DISTANCE 
BETWEEN LEADS 
INCLUDING 
.115 
.195 
Z.9Z 
4.95 
N 
8 
8 
7 
MEASURED WITH THE 
PACKAGE SEATED 
DAMBAR PROffiUSIONS 
TO BE 


01' 
.025 
0.36 
.635 
IN ,I£DEC 
SEATING PLANE 
GAllGE 
GS-3 . 
.005 
(0.13mm) 
MINIMUM 


.045 
.070 
1.14 
1.78 
9 
4.0,01, 
AND 
El 
DIMENSIONS 
DO NOT 
11. 
A VISUAL 
INDEX 
FEATURE MUST 
BE 
INCLUDE 
MOLD FLASH OR PROTRUSIONS. 
LOCATED WITHIN THE CROSS-HATCHED 
.030 
.045 
0.76 
1.14 
9 
MOLD FLASH OR PROTRUSIONS 
SHALL 
AREA. 


.008 
.014 
0.20 
0 ..36 
NOT EXCEED 
.010 
(0.25mm) 
12. 
FOR AUTOMATIC INSERTION. 
AJoJY 


.355 
.400 
9,02 
10.16 
4 
5. 
E AND 
eA MEASURED 
WITH THE LEADS 
RAiSEO IRREGULARITY ON THE TOP 


.005 
-- 
0.1.1 
-- 
4 
CONSTRAJNEO TO BE 
PERPENDICUlAR 
SURFACE 
(STEP. 
MESA, ETC.) 
SHAll 


TO 
DATU"'~ 
BE SYMMETRiCAl 
ABOUT 
THE LATERAl 


..300 
325 
762 
8.26 
5 
6. 
e8 
AND 
eC ARE M[Ac;URFQ 
AT 
THF" 
AND 
LONGITUDINAL 
PACKAGE 
.2'tO 
.2l50 
D.l0 
1.11 
4 
LEAD TiPS 
WITH THE lEADS 
UNCONSTRAINED. 
CENT£RUNES . 


. 100 
BASIC 
2.54 
BASIC 
7. 
N IS THE MAXIMUt.4 or 
T[Rt.4INAL 
POSITIONS . PACKAGE 
NUMBER: 
ZZOD6 
3 
REV.: 
C 


.300 
BASIC 
7.63 
BASIC 
5 
8. 
POINTED OR ROUNDED 
LEAD TIPS ARE 
JEDEC 
NUMBER: 
MS-OOl -SA 
-- 
.4.30 
- 
10.92 
6 
PREFERRED TO EASE INSERTION 
WITH 
THE 
EXCEPTION 
OF 
DIM. 
b 
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b2 
T 
A2. 


BASE 
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b3 
4 Pl 
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~_t~"." 
~eB 
REF. 


INCHES 
l.4ILUt.l(T(RS 
" 
~" "'" 
"AX 
OAN. 
"AX 
Y 


A 
- 
"" 
-- ". 
A' 
.040 
000 
, 0' 
1 s, 


A2 
"n 
1" 
,n, 
'.4 


b 
.014 
.022 
0.36 
056 


b2 
n4n 
n,n 
,n? 
'7 
6 


b3 
.030 
.045 
0.76 
1.14 
6 


0 
"n 
.390 
9.14 
9.91 
3 


0' 
nns 
-- 
0.13 
-- 
3 


E 
,no 
"" 


?Co 
.0< 
4 


E' 
.238 
.275 
6.05 
6.99 
3 
. 
.100 
BASIC 
2.54 
BASIC 


.A 
.350 
.370 
8.89 
9.40 
4 


.B 
.415 
10.54 
N 
" 


INCHES 
MILLIMETERS 


t.tIN 
MAX 
MIN. 
....AX 


.100 
.120 
2.54 
3.05 


5S 
8S 
5S 
8S 


" 
NOTES, 


~ 
1. 
ALL 
DIMENSIONS 
ARE 
IN 
INCHES. 


2. 
DIMENSIONING 
AND 
TOLERANCING 
PER 
ANSI 
Y14.5M-1982. 
3. 
0, 
01, 
AND E1 DIMENSIONS DO Nor 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS. 


MOLD 
FLASH 
OR 
PROTRUSIONS 
SHALL 
NOT EXCEED .010 
(O.25mm). 


4. 
E AND 
eA 
MEASURED 
WITH 
THE 
LEADS 
CONSTRAINED 
TO 
BE 
PERPENDICULAR 
TO OATUM~. 


5. 
N 
IS 
THE 
MAXIMUM 
OF 
TERMINAL 
POSITIONS . 


6. 
112 AND 
113 MAXIMUM 
DIMENSIONS 
DO 
NOT 
INCLUDE 
DAM BAR 
PROTRUSIONS. 
DA~BAR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
.010 
(O.25mm). 


7. 
DISTANCE 
BETWEEN 
LEADS 
INCLUDING 
DAM BAR 
PROTRUSIONS 
TO 
BE 
.005 
(O.13mm) 
MINIMU~. 


B 
A VISUAL 
INDEX 
FEATURE 
MUST 
BE 
lOCATED 
WITHIN 
THE 
CROSS-HATCHED 
AREA. 


9. 
FOR 
AUTOMATIC 
INSERTION, 
ANY 


RAISED 
IRREGULARITY 
ON 
THE 
TOP 


SURFACE 
(STEP, 
MESA. 
ETC.) 
SHALL 
BE 
SYMMETRICAL 
ASOUT 
THE 
LATERAL 


AND 
LONGITUDINAL 
PACKAGE 


CENTERLINES. 
A 
CENTER 
OF 
PHOTOOIOOE 
~UST 
BE 


WITHIN 
.010 
(O.25rnm) 
OF 
CENTER 
OF 
PHOTOOIODE 
AREA. 


PACKAGE 
NUMBER: 
ZZ006 
4 
REV.: 
C 


JEDEC 
NUMBER 
NONE 


Package 
Number 
000-5 
- 
8-Pln 
Transparent 
Pla.tlc 
Single-Wide 
DIP 


~O- 


8 
, f,JL, 
5 V 
PHOTOOIODE 
A 
.JL 
AREA £1 


INDEX~ if t 
AREA 
~_ 
r 
_ _ 
E' 


L 
J 
-l 


..;' 
, 


POUSHED 
, ~r::G'¥ 
SURFACE 


b2_ 
-- 1r 
T 
IS 
rA2 
~:;1 
BASE ~ 
't 
1 
PLANE 
- 
<~~1< 
""""'j 
Ul 


~ 


PLANE 
I 
A' 
L 


0' 
1- 0- 
t 
, /2 
LEAD 
4 
PL 
b3- 


'8~ 
4 
PL 
h -1--1§1.010(.25)@!cl 


INCHES 
MILLIMETERS ~ 


INCHE5 
MILLIMETERS I 


NOTES, 
9. 
b2 AND b3 
MAXIMUM DIM[NS/ONS 
00 
~" 
WIN. 
"AX. 
""'. 
""'. 
0'" 
UIN. 
I 
UAX. 
"OJ. 
lMX. 
, 
AU. DIMENSIONS ARE IN INCHES. 
NOT INCLUDE DAMBAR PROTRUSIONS 
[W,lBAR 
PROTRUSIONS SHAlL 
NOT 
A 
.165 
4.19 
3 
.c 
.000 I .060 
0.00 
1.52 
6 
2. DIMENSIONING AND TOLERANCING PER 
EXCEED .010 
(D.25mm). 


A' 
.015 
0.38 
-- 
3 
C 
.011' 
,021 
ANSI YI4.SM-1982 
10. DISTANCE BETWEEN LEADS INCLUDING 
0.28 
0.53 
3. 
DIMENSIONS A. A1. AND L ARE 
A2 
.120 
.135 
3.05 
3.43 
L 
.115 
'50 
2.92 
3.81 
3 
MEASURED WITH THE PACKAGE SEATED 
()I,NBAR 
PROTRUSIONS TO BE 
005 
(O.l3mm) 
IrAINIt.lUM. 
b 
.014 
.022 
0.36 
0.56 
N 
8 
8 
7 
IN JEDEC SEATING PLANE GAUGE GS-3 
11. A VlSUAL INDEX FEATURE MUST BE 
4. 0, 
01, 
AND El 
Dll,.lEN$IONS DO NOT 
b2 
.040 
.050 
1.02 
1.27 " 


S 
100 
.120 
2.S4- 
3.05 
INCLUDE UOLD FLASH OR PROTRUSIONS 
LOCATED WITHIN THE CROSS-HATCHED 


b3 
.030 
.045 
0.76 
1.14 " 
T 
55 
85 
5.5' 
8.5' 
t.lOLD FLASH OR PROTRUSIONS SHALL 
AREA. 


NOT EXCEED ,010 
(O.25mm) 
12. FOR AUTOMATIC INSERTION, ANY 
C 
.008 
.014 
0.20 
0.36 
5. 
E AND eA t.lEASURED WITH THE LEADS 
RAISED IRRECULARIT'I"ON THE TOP 
0 
.360 
.390 
9.14 
9.91 
4 
f8~~~~M. 
BE PERPENDICULAR 
~R~~~A~gL 
~~~TEJ~~ 
~~ 
0' 
.005 
-- 
0.13 
-- 
4 
6. eB AND eC ARE MEASURED AT THE 
AND LQf\lCrTUOINAl PACKAGE 
E 
.300 
325 
702 
820 , 
LCAD TIPS WIT" 
nlC 
LCAOS 
..11C£~~~~~NE~ 
PHOTOQIOOE t.lUST BE 
E' 
.238 
.275 
6.05 
6.99 
4 
UNCONSTRAINED. 
7. N IS THE NAXlt.lUM OF T[RUINAl 
WITHIN .010 
(O.25mm) 
OF CENTER 


e 
.100 
BASIC 
2.5. 
BASIC 
POSITIONS. 
or 
PHOTODIODE AREA. 


eA 
.300 
BASIC 
7.63 
BASIC 
5 
8. 
POINTED OR ROUNDED LEAD TIPS ARE 
PACKAGE 
NUMBER: 
ZZ006-5 
REV., 
B 
•8 
- 
.430 
- 
10.92 
6 
PREFERRED TO EASE INSERTION. 
JEDEC 
NUMBER: 
NONE 


Burr-Brown Ie Data Book-Linear 
Products ram- 


ir=::J1 
tt~"" 


~eB 
REF. 


N 
NOTES, 


~ 
1. 
ALL 
DIMENSIONS 
ARE 
IN 
INCHES. 


4 
2. 
DI~ENSIONING 
AND 
TOLERANCING 
PER 
ANSI Y14.5M-1982. 


3. 
0, 
01, 
AND 
£1 
DIMENSIONS 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS. 
MOLD 
FLASH 
OR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
.0lD 
(O.25mm) 
. 


4. 
N 
lS 
THE 
MAXIMUM 
OF 
TERMINAL 
POSITIONS. 


5. 
b2 
AND 
b3 
MAXIMUM 
DIMENSIONS 
DO 


NOT 
INCLUDE 
DAI.1BAR PROTRUSIONS. 


DAM BAR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED .010 
(O.25mm) 


6. 
DISTANCE 
BETWEEN 
LEADS 
INCLUDING 
OAMBAR 
PROTRUSIONS 
TO 
BE 
.005 
(O.lJmm) 
MINIMUM. 


0'" 


INCHES 
MILLIMETERS 
~ 0'" 


INCHES 


WIN. 
MAX. 
lAIN. 
MAX. 
t.AIN. 
MAX, 


A 
.255 
6.48 
N 
8 
A1 
.040 
.060 
1.02 
152 
S 
,100 
.120 
A2 
.120 
.135 
3.05 
3.43 
T 
5.S· 
8S 


b 
.014 
.022 
0.36 
0.56 


b2 
.040 
.050 
1.02 
1.27 


b3 
.030 
.045 
0.76 
1,14 
5 


0 
.360 
.390 
9.14 
9.91 
3 


01 
.005 
0.13 
3 


E 
.300 
.325 
7.62 
8.26 


[1 
.238 
.275 
6.05 
6.99 
3 


e 
.100 
BASIC 
2.54 
BASIC 


eA 
.350 
.370 
8.89 
9.40 


eS 
.415 
10.54 


G 
11 
1 


Package Number 007 
• TO-100 Package 


INCHES 


lAIN 
lAAX. 


A 
..1.35 
.:HO 


B 
.305 
.335 


C 
.165 
.185 


D 
.016 
.021 
E 
.010 
.040 


r 
.010 
.040 


G 
.230 
BASIC 


H 
.028 
.034 


J 
.029 
.045 
K 
SOD 


l 
.120 
.160 


I,l 
36" 
BASIC 


N 
.110 
.120 


MILLIMETERS 


lAIN. 
MAX. 


a.51 
9.40 


7.7~ 
8.51 
4.19 
4.70 


n.4! 
f).53 
0.25 
1.02 
0.25 
1.02 


5.84 
BASIC 
0.71 
0.86 
0.74 
1.14 
1170 
3.05 
4.0G 


36" 
BASIC 


2.79 
3.05 


MlllllA[TERS 


UIN. 
UAX. 


8 
2.54 
3.05 


5.5' 
8.5' 


1. 
LEAOS 
IN 
TRUE 
POSITION 
WITHIN 


.010· 
(0.25mm) 
R 
@ 
MMC 


AT 
SEATING 
PLANE. 


2. 
PIN 
NUMBERS 
SHOWN 
FOR 


REFERENCE 
ONLY. 


NUMBERS 
MAY 
NOT 
BE 
MARKED 


ON 
PACKAGE. 


ram" Burr-Brown Ie Data Book-Linear 
Products 


7. 
A VISUAL 
INDEX 
FEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS-HATCHED 


AREA. 


8. 
FOR 
AUTOMATIC 
INSERTION. 
ANY 
RAISED 
IRREGULARITY 
ON 
THE 
TOP 


SURFACE 
(STEP, 
MESA. 
ETC.) 
SHALL 


BE 
SYMMETRICAL 
ABOUT 
THE 
LATERAL 
AND 
LONGITUDINAL 
PACKAGE 


CENTERLINES. 
&. 
CENTER 
OF 
PHQTOOIODE 
MUST 
BE 


WITHIN 
.010 
(O.25mm) 
OF 
CENTER 
OF 
PHOTODIODE 
AREA 


Ir=E~ 


~ 


, 
I 
I 
II 
I 
I 
I 
ec~~~+c 


~eB~ 


DO" 
INCHES 
~ILlII.4ETERS 
D'" 


INCHES 
I.4lllll.4[TERS 


"AX 
MIN. 


A 
.115 
150 
2.92 
3.81 


A1 
1 
14 
14 


A2 
11 
4 
h 
01. 
.022 
0.36 
0.56 


b2 
4 
7 
1 14 


0 
.775 
18.67 
19.09 
01 
0.13 


E 
.300 
" 
5 
7.6 
8. 
b 
E1 
.240 
.280 
6.10 
7.11 
4 


e 
.tOo 
AI 
4 
I 
eA 
300 
BASIC 
7.63 
BASIC 


eB 
.430 
10.92 
eC 
.000 
.060 
0.00 
1.52 


NOTES, 


1. ALL 
DIMENSIONS 
ARE IN 
INCHES. 
2. 
DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M-19B2 
3. 
DIMENSIONS 
A, A I, 
AND 
L ARE 
MEASURED WITH THE PACKAGE SEATED 
IN JEDEC 
SEATING PLANE GAUGE GS-3 
4. 
D, 
D1, 
AND 
£1 
DIMENSIONS 
DO NOT 
INCLUDE 
MOLD FLASH OR PROTRUSIONS 
MOLD fLASH 
OR PROTRUSIONS 
SHALL 
NOT EXCEED 
.010 
(O.25mm) 


5. 
E 
AND 
eA 
MEASURED 
WITH 
THE 
LEADS 
CONSTRAINED 
TO BE 
PERPENDICULAR 
TO 
DATUM G:G 
6. 
eB 
AND 
t"C ARE MEASURED AT THE 
lEAD 
TIPS WITH THE 
LEADS 


UNCONSTRAINED. 
7 
N IS THE MAXIMUM or 
TERMINAL 


POSITIONS. 


8. 
POINTED OR ROUNDED 
LEAD 
TIPS ARE 
PREFERRED TO EASE INSERTION. 
9. 
b2 
MAXIMUM 
DIMENSION 
DOES 
NOT INCLUDE 
DAMBAR PROTRUSIONS. 
DAMBAR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
.010 
(O.25tnm). 
, O. DISTANCE BETWEEN LEADS 
INCLUDING 
DAMBAR PROTRUSIONS 
TO BE 
.005 
(0. I Jmm) 
MINIMUM. 
, 1. A VISUAL 
INDEX 
FEATURE MUST 
BE 


LOCATED WITHIN THE CROSS-HATCHED 
AREA. 
12. 
FOR AUTOMATIC INSERTION. 
ANY 
RAISED IRREGULARITY ON 
THE TOP 
SURFACE 
(STEP, 
MESA, ETC.) 
SHALL 
BE 
SYJ.4J.4ETRICALABOUT THE LATERAL 


AND 
LONGITUDINAL 
PACKACE 
CENTERllNES 


PACKAGE NUMBER: 
22010 
REV.: 
G 
JEDEC 
NUMBER: 
MS-OO 
1-AA 


Package 
Number 
030 
- 
S·Pln 
Metal 
TO-3 
~:-l;h-+ 
rmc:,TI 


SEATING 
t 


PLANE 


D~~ 


f---H- 
--J--1 
,G 
o~'0 
1 
~7" 


,<>_0 
l 


INCHES 
MilLIMETERS 
" 
INCHES 
MilLIMETERS 
" 
NOTES, 
0'" 
r 
0'" 
r 
"'" 
"" 
"'" 


MAJ(. 
"'" 
MAX. 
"'" 
"AX 
-- 


A 
1.510 
1.550 
38.35 
39.37 
1. 
LEAOS 
IN 
TRUE 
POSlTION 
B 
.745 
.770 
18.92 
19.56 
WITHIN 
.010" 
(.25mrn) 
@ 
MMC 


C 
.260 
.300 
6.60 
7.62 
AT 
SEATING 
PLANE. 


D 
.038 
042 
0.97 
1.07 
2. 
PIN 
NUMBERS 
SHOWN 
FOR 
E 
.080 
105 
2.03 
2.67 
REFERENCE 
ONLY. 
NUMBERS 
F 
40' 
BASIC 
40' 
BAStC 
MAY 
NOT 
BE 
MARKED 
ON 


G 
.500 
BASIC 
12.70 
BASIC 
PACKAGE. 


H 
1.182 
1.192 
30.02 
30.28 
J 
.591 
.596 
15.01 
15.14 


K 
.400 
500 
10.16 
12.70 
Q 
151 
161 
384 
4,09 


R 
.980 
1.020 
24.89 
25.91 
PACKAGE 
NUMBER: 
ZZ030 
REV.: 
C 


JEDEC 
NUMBER: 
UNKNOWN 
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ProductsEalS 


Packav. 
Number 
075 
- 
2-4-Pln 


I 


00 
o 
0 
" 
0 0 
0 
0 
" 
o 
0 
2' 
13 


B 


~_~oooo 
12 


o 
0 
o 
0 
0 
o 
0 
Rh A---J 


C1 J- I!I~IHHH 
=Fr 
1 
~ ~ ---l~D 
!-L---j 


G 
-i--F 


INCHES 
MILLIMETER':; ~ "'M 


INCHES 
MILLIMETERS ! 


NOTES, 
rnM 
"'" 


MAX 
t..lIN. 
MAX 
"'" 
MAX 
"'" 
MAX 
-- 


A 
1.310 
1360 
133.27 
• • 
1. 
LEADS 
IN 
TRUE 
POSITION 
WITHIN 
.010" 
(.25mm) 
R 
@ 
MMC 
B 
.770 
RIO 
10'6 
?O '7 
AT 
SEATING 
PLANE . 


C 
.1'" 
"10 
3.81 
5P, 


D 
0' R 
O? 
O.4n 
0'.' 


2. 
PIN 
NUMBERS 
SHOWN 
FOR 


F 
.035 
050 
0.89 
1,27 
REFERENCE 
ONLY. 
NUMBERS 
MAY 


G 
100 
BASIC 
2.54 
BASIC 
NOT 
BE 
MARKED 
ON 
PACKAGE. 


H 
110 
.130 
2.79 
3.30 
K 
.150 
.250 
3.81 
6.35 
L 
.600 
BASIC 
15.24 
BASIC 


N 
.002 
.010 
0.05 
0.25 


R 
.085 
.105 
2.1 fi 
2.57 


PACKAGE 
NUMBER: 
ZZ075 
I REV.: 
A 
JEDEC 
NUMBER: 
NONE 


r--0ooooooooooooooo 


I 
32 
17 


INCHES 
MILLIMETERS 


MIN. 
MAX. 
MIN. 
MAX. 


A 
1.7001.760431844.70 
B 
1. 120 
1.160 
28.45 
29.46 


C 
170 
.230 
4.32 
584 


o 
.01 B 
.021 
0.4n 
0.53 
F 
035 
.050 
0.89 
1.27 


G 
.100 
BASIC 
2.54 
BASIC 


H 
.110 
.130 
2.7913.30 


K 
160 
.180 
4.0G 
4,57 
L 
.900 
BASIC 
22.86 
BASIC 


N 
.002 
010 
0.0:; 
0.25 
R 
1 10 
17,0 
2 7<j 
.7,,7,0 


1. 
LEADS 
IN 
TRUE 
POSITION 
WITHIN 
010" 
(.25mm) 
R 
@ 
MMC 
AT 
SEATING 
PLANE 


2. 
PIN 
NUMBERS 
SHOWN 
FOR 
REFERENCE 
ONLY. 
NUMBERS 
MAY 
NOT 
BE 
MARKED 
ON 
PACKAGE 
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B 
1$' 
'~ 
4hA=J 


PIN 
NUMBERS 
SHOWN 
FOR 
REFERENCE 
ONLY. 


NUMBERS 
MAY 
NOT 
BE 
MARKED 
ON 
PACKAGE. 


rC 
I + 


t 
~~~~~~F 


INCH[S 
'-4ILUMUERS 
S 
NOTES: 


MIN 
MAX. 
UIN. 
MAX. 
f 


INCHes 


tr.4IN 
MAX. 


A 
1 ORO 


B 
, .ORO 


C 
0>, 
00< 


o 
018 
021 
F 
.035 
.050 
C 
.100 
BASIC 
H 
.100 
BASIC 
K 
.150 
. 50 
L 
.900 
BASIC 
N 
.002 
.010 


R 
.100 
BASIC 


< 07 
,,. 


0.46 
0.53 


0.89 
1.27 


2.54 
BASIC 


2.54 
BASIC 


3.81 
8.89 
22.86 
BASIC 


005 
0.25 


2.54 
BASIC 


1. 
LEADS 
IN 
TRUE 
POSITION 
WITHIN 
.010" 
(.25mm) 
R 
@ 
MMC 
AT 
SEATING 
PLANE. 


Pack_ge Number 105 - 14-Pln DIP 


jA,[0 
C 
R 
K 51lTIT? 
r::J Gl- D--Jl- 
--1 
L 
~ 


Fff"1 
" 
, 
....... 


INCHES 
MILLIMETERS 
" 
INt:HES 
MILLIMETERS 
~ 


NOTES: 


D" .," 
MAX. 
"'IN. 
MAX. ~ rn. 
MIN . 
w.x 
'0<. 
"AX 


A 
.790 
.810 
20.07 
20.57 
1. 
LEADS 
IN 
TRUE 
POSITION 
WITHIN 
8 
.490 
'I 
P4 
O? Q' 
.010" 
(.25mm) 
R 
CI 
MMC 
AT 


C 
.190 
260 
4.83 
660 
SEATING 
PLANE. 


0 
.016 
.021 
0.46 
0.53 


G 
. 100 
BASI, 
2.54 
BASIC 
2. 
PIN 
NUMBERS 
SHOWN 
FOR 


H 
?03 
?,9 
REFERENCE 
ONLY. 
NUMBERS 
ARE 


.DBD 
11 
NOT 
MARKED 
ON 
PACKAGE. 


K 
.130 
.300 
3.30 
7.62 


L 
300 
BASIC 
7.62 
BASIC 


R 
non 
1 
on, 
00' 


PACKAGE 
NUMBER: 
22105 
REV.: 
A 
JEOEC 
NUMBER: 
NONE 


Burr-Brown Ie Data Book-Linear 
Products ~m· 


0'" 


INCHES 


toIIN. 
,""X. 


A 
.105 
.175 


Al 
.025 
.0",':' 


B 
.015 
,021 


Bl 
.038 
.060 


C 
.OOB 
.012 


D 
.770 
.B30 


E 
?on 
'" 


E1 
.280 
.310 
., 
Inn 
TVP 


eA 
.,or 
TYP. 
.1?'" I .17r: 


N 
16 


01 
.010 I 
- 
S 
.020 
I 
.065 


~r 


B1 
~~~E\~ 
H ~TJTHH H H 


~~~~]- 
' 
, 
--j~" 


--., -- 


MilLIMETERS 
Q 
NOTES: 


I.lIN. 
MAX. 
t 
1 
DIMENSIONING 
AND 
TOlERANCING 


O' 
15" 
3 
PER 
ANSI 
Y14,5-'973 


2. 
LEADS 
WITHIN 
.005 
IN. 
(0.13mm) 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
MATERIAL 
CONDITION 
AND 
UNIT 
INSTALLED 
. 


3. 
0< 
APPLIES 
TO 
SPREAD 
LEADS 
PRIOR 
TO 
INSTALLATION. 


4. 
N 
1$ THE 
NUMBER 
OF 
TERMINAl 


POSITIONS. 


5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 


PLANE 
1$ 
COINCIDENT 
WITH 
THE 


PLANE 
(AI 
= 
0). 
TERMINALS 
LEAD 
STANDOFFS 
ARE 
NOT 
REOl/IRED. 
AND 
81 
MAY 
EOUAL 
8 


ALONG 
ANY 
PART 
Of 
THE 
LEAD 


A80VE 
THE 
SEATING/8ASE 
PLANE. 


6. 
E 1 
DOES 
NOT 
INCLUDE 
PARTICLES 
OF 
PACKING 
MATERIALS. 


7. 
CONTROLLING 
DIMENSION. 
INCH. 


8. 
A 
VISUAL 
INDEX 
FEATURE 
MUST 


8E 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


INCHES 


t.lIN 
MA)(. 


O' 
15' 
2.67 
445 
0.64 
1.40 


0.38 
0.53 
5 
C.Y] 
1,52 
5 


n.20 
0.30 


19.56 
21.(J8 
7"'7 
;:,? 


7.'1 
7.87 
b 
?"4 
TYP 
2 
7.6? 
TYP. 
2 
3.18 
4.45 


16 
0.25 
0.51 
1.65 


Pack.g. 
Number 
124 
- 
EMI 
Shield 
::!:- 
r----- 
A ----j 
en 
r 


C'z 


~ 


B 
L 


a:c 
rDFf:c~c 


w 
-rn~ 


C' 
c( 
~ 


Tj 
, 
---. 
0 
:-i:~ 
L 
J 
~ 


2 


INCHES 
t.4ILLlMETER~ 
~ 


INCHES 
MILLlt.4ET[RS 
~ 


NOTES, 
0'" 
t.4IN. 
.....•. 
t.ltN. 
'"",. 
"'" 
t.lH.•. 
....,. 
t.4tN. 
MAX. 
1 
ENCLOSED 
MODULE 
LEAD 
LENGTH 
A 
1.320 1.380 33.53 
35.0S 
MINUS 
.050" 
TO 
100" 
8 
1.320 
1.380 
33.53 35.05 
(1.27mm 
TO 2.54mm). 


C 
.350 
.450 
8.89 
11.43 


0 
.040 
.060 
1.02 
1.52 
2. 
PIN 
DIAMETER 
DETERMINED 
8Y 


H 
.600 
.700 
15,24 
17.78 
ENCLOSED 
MODULE . 


J 
.015 
.025 
0.38 
0.64 


L 
1.180 
1.28 
29.97 3251 


N 
.150 
.250 
3.81 
b.35 


P 
150 
.250 
3.81 
6.35 


R 
.01S 
.055 
0.38 
1.40 
T 
.130 
.230 
3.30 
5.84 


PACKAGE 
NUMBER: 
ZZ124 
REV.: 
A 
JEDEC 
NUMBER' 
NONE 


IURR-me 
E:n$f 
Burr-Brown Ie Data Book-Linear 
Products 


Package 
Number 129 - 18-Lead CERDIP. .300 Wide 


btll'N 
0 
'I 
~~~:~::::::: 11 


b3- - 
Ir=E=j 


rcl" ~f 
I ~ DIm 1]1]01\" A 
~E:~~G 
] 
"li 
li U li 
L L 


01 
~ 
JL---' 


eG~~j-c 
_@]I-- 
b 


!-4f1.(l40 (102)@ICIACDIB@1 
010(.25) 
(M)lc 


INCHES 
MilLIMETERS 
" 
INCHES 
MllLlt.tET(RS 
f 


NOTES, 


0 
0'" 
7. POINTED OR ROUNDED LEAD 
0'" 
t.tIN. 
MAX. 
MIN. 
MAX. 
I 
"'" 
"AX 
"'" 
MAX. 
1. 
CONTROLLING 
DIMENSIONS: 
INCH. 
TIPS ARE PREFERRED TO EASE 
A 
.?30 
-- 
'.84 
br 
OM 
I 000 
0 
2 
DIMENSIONING 
AND 
TOLERANCING 
INSERTION. 
Al 
0" 
0.'" 
100 
I ? '4 
PER 
ANSI 
Y14.5M-1982. 
8. 
FOR 
AUTOMATIC 
INSERTION, 
ANY 
-- 
3 
D AND 
E 1 DIMENSIONS 
INCLUDE 
RAISED 
IRREGULARJlY 
ON 
THE 
TOP 
A2 
,." 
'"0 
"" '" 
" 
1 
1 
6 
ALLOWANCE 
fOR 
GLASS 
OVERRUN 
SURFACE (STEP. MESA. ETC.) 
b 
.015 
.023 
0.38 
0.58 
9 
AND 
MENISCUS, 
AND 
LID 
TO 
SHALL 
BE 
SYMMETRICAL 
ABOUT 


b2 
.045 
070 
1.14 
1.78 
BASE 
MISMATCH. 
THE 
LATERAL 
AND 
LONGITUDINAL 
b3 
.035 
TYP 
0.89 
TYP 
4. 
E AND 
eA 
MEASURED 
WITH 
THE 
PACKAGE 
CENTER LINES. 
LEADS 
CONSTRAINED 
TO 
BE 
9. 
bAND 
c 
DIMENSIONS 
INCLUDE 
c 
.008 
015 
0.20 
0.38 
9 
PERPENDICULAR 
TO 
PLANE 
C. 
BOTH 
THE 
BASE 
MATERIAL 
AND 
0 
753 
.885 
19.13 
2?.48 
3 
5. 
eB 
AND 
eC 
ARE 
MEASURED 
AT 
THE 
COATING 
OR 
PLATING 
ON 
THE 
01 
00' 
0 
THE 
LEAD 
TIPS 
WITH 
THE 
LEADS 
LEADS. 
E 
.300 
.3?' 
7.6? 
8.?5 
4 
UNCONSTRAINED. 
eC 
MUST 
BE 
10. 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
E1 
.280 
.295 
7.11 
7.50 
3 
ZERO 
OR 
GREATER. 
BE LOCATEDWITHINTHE CROSS- 
6. 
N 
IS 
THE 
MAXIMUM 
NUMBER 
OF 
HATCHED 
AREA. 
, 
.100 
BASIC 
2.54 
BASIC 
TERMINAL 
POSf1l0NS. 
eA 
.300 
BASIC 
7.62 
BASIC 
4 
PACKAGE 
NUMBER: 
ZZ129 
REV., 
D 
I., 
-- 
.450 
-- 
11.43 
5 
JEDEC NUMBER, 
NONE 


IT 


_BASE 
PLANE 


c 


.A 


1 
LEADS 
IN 
TRUE 
POSITION 
WITHIN 
010'· 
(025rnrn) 
R 
@ 
MMC AT 
SEATING 
PLANE 


2. 
PIN 
NUMBERS 
SHOWN 
FOR 
REFERENCE 
ONLY. 
NUMBERS 
MAY 
NOT 
BE 
MARKED 
ON 
PACKAGE. 


3. 
A VISUAL 
INDEX 
FEATURE 
MUST 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


A 
155'- 
15 
3.Q4 
5.46 
Al 
.015 
n,,<; n "R, 
n RO 


B 
.016 
.020 
0.41 
0.51 


Bl 
.045 
.055 
1.14 
1.40 


82 
.035 
.045 
0.89 
1.14 
c 
.009 
.012 
0.23 
0.30 
o 
.770 
.810 
19.56 
20.57 


El 
.480 
500 
12.19 
12.70 


e 1 
.100 
BASIC 
2.54 
BASIC 
eA 
.290 
.310 
7.37 
7.87 


L 
.150 
.210 
3.81 
5.33 
N 
14 
14 
S 
.oBol 
.110 
2.03 
2.79 


BURRW~. 
Burr-Brown Ie Data Book-Linear 
Products IE:I& 


Packaga 
Number 167 • 8-Lead, 
Caramlc Side Braze 
DIP, .300 
Wide 


~o~""~iJr[ 


AREA 
~ 


1 
4 


01 
--js - 
--j r 


B1 
t 
CE~ 


BASE 
PLANE ______.1 
Ui 


A J1- 


H 


SEATING 
PlANE 
--- 
I 


~~~, 
---1.' 


C 


~eA 


INCHES 
~ILLjMETERS ~ 


INCHES 
~ILLIMETERS ~ 


NOTES, 


5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 
0'" 
0'" 
"'N 
"AX. 
MIN. 
""". 
"IN 
""". 
MIN. 
""'X. 
1. 
DIMENSIONING 
AND 
TOLERANCING 
PLANE 
IS 
COINCIDENT 
WITH 
THE 
A 
.105 
.175 
2.67 
4.45 
~ 
O· 
15' 
O· 
15' 
3 
PER 
ANSI 
Y14.5- 
1973. 
PLANE 
(AI 
= 
0). 
TERMINALS 
Al 
.025 
.055 
0.64 
1.40 
2. 
LEADS 
WITHIN 
.005 
IN. 
(0.13mm) 
LEAD 
STANDOFFS 
ARE 
NOT 


B 
.015 
021 
0,38 
0.53 
5 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
REOUIRED, 
AND 
B I 
MAY 
EQUAL 
B 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
Bl 
.038 
.060 
0.97 
1.52 
,; 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
ABOVE 
THE 
SEATING/BASE 
PLANE. 
c 
.00R 
1? 
o?o 
30 
MATERIAL 
CONDITION 
AND 
UNIT 


0 
.380 
.550 
9.65 
13.97 
INSTALLED. 
6. 
El 
DOES 
NOT 
INCLUDE 
PARTICLES 


E 
.290 
.325 
7.37 
8.26 
3. 
0< 
APPLIES 
TO 
SPREAD 
LEADS 


OF 
PACKING 
MATERIALS. 


El 
.280 
.310 
7.11 
7.87 
6 
PRIOR 
TO 
INSTALLATION 
. 
7. 
CONTROLLING 
DIMENSION' 
INCH. 
.1 
.100 
TYP. 
2.54 
TYP. 
2 
4. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
B . 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
• A 
.300 
TYP. 
7.62 
TYP. 
2 
POSITIONS. 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
L 
.105 
I .17 
3.18 
4.45 
HATCHED 
AREA. 


N 
8 
8 
4 


01 
.0lD I -- 
2.54 
-- 
PACKAGE 
NUMBER: 
ZZ157 
REV.: 
C 


S 
.030 
I .120 
0.76 
3.05 
JEDEC 
NUMBER: 
MO 
36 
AA 


~D------i 


INDEX~ ~l, 


AREA ~-k 


INCHES 
MILLIMETER~ ~ 


INCHES 
MILLIMETERS ~ 


NOTES, 
~N 
N'N 
NA, 
NIN 
NAX 
O'N 
NIN 
~AX. 
MIN. I MAX. 
,. CONTROLLING 
DIMENSIONS: 
INCH 
7. 
POINTED 
OR 
ROUNDED 
LEAD 
TIPS 
ARE 
PREFERRED 
TO 
EASE 
A 
"0 
" 
P.A 
.C 
.000 
0.00 
I 
2. 
DIMENSIONING 
AND 
TOlERANCING 
INSERTION. 
PER 
ANSI 
Y14.5M-1982. 
Al 
.015 
-- 
038 
-- 
L 
100 
-- 
?" 
-- 
3. 
D AND 
E1 
DIMENSIONS 
INCLUDE 
8. 
FOR 
AUTOMATIC 
INSERTION, 
ANY 


A2 
uo 
,RO 
'''' 
'7 
N 
8 
6 
ALLOWANCE 
FOR 
GLASS 
OVERRUN 
RAISED 
IRREGULARITY 
ON 
THE 
lOP 


b 
°1' 
n" 
° '" 
n".. 9 
AND 
MENISCUS. 
AND 
LID 
TO 
SURFACE 
(STEP, 
MESA, 
ETC.) 


BASE 
tolISMATCH. 
SHALL 
BE 
SYMMETRICAL 
ABOUT 
b2 
.045 
.070 
1 14 
1 7" 
4. 
E AND 
eA 
MEASURED 
WITH 
THE 
THE 
LATERAL 
AND 
LONGITUDINAL 
\ 


b3 
.035 
TYP 
0.89 
TYP 
LEADS 
CONSTRAINED 
TO 
BE 
PACKAGE 
CENTERLINES. 


c 
.00B 
.015 
0.20 
0.38 
9 
PERPENDICULAR 
TO 
PlANE 
C. 
9. 
b 
AND 
c 
DIMENSIONS 
INCLUDE 
0 
7" 
4o" 
5. 
eB 
AND 
eC 
ARE 
MEASURED 
AT 
BOTH 
THE 
BASE 
lo1ATERIAL AND 
THE 
COATING 
OR 
PLATING 
ON 
THE 
01 
nn, 
THE 
LEAD 
TIPS 
WITH 
THE 
LEADS 
LEADS 


E 
"., 
.325 
7.62 
8.75 
4 
UNCONSTRAINED. 
eC 
MUST 
BE 
10. 
A VISUAL 
INDEX 
fEATURE 
MUST 
E1 
.180 
7"' 
I 11 
''0 
3 


ZERO 
OR 
GREATER 
BE 
LOCATEO 
WITHIN 
THE 
CROSS- 
6. 
N 
IS 
THE 
MAXIMUM 
NUMBER 
OF 
. 
.100 
BAStC 
254 
BASIC 
TERMINAL 
POSITIONS . 
HATCHED 
AREA. 


.A 
.300 
BASIC 
7 62 
BASIC 
4 
PACKAGE 
NUMBER: 
ZZ161 
REV.: 
C 
.B 
5 
JEDEC 
NUMBER: 
NONE 


r~Wi· Burr-Brown Ie Data Book-Linear 
Products 


Packag. 
Numb.r 
181-1 
- 
8~L•• d 
CEROIP 
With 
Window, 
.300 
Wid. 


~O::-j'"1E 


WINDOW 
1 


- 
El 


'NOEX 
~ 
AREA 


UV 
GLASS\ 
1 
4 
8- 
WINDOW 


b3- 
-- 


j~ 
, 


b2 --- 
~A 
A2 
Ir=E=j 


I 
V 
::::,jL I 
:JUJTIm <S, 


~JiJ 
,, 


PLANE 
lr 
t 
L 
, 
~~ 
~ 
' 
Al 


0' 
__ 
W!A 
-. 


D'E 
- 


I!JI-- __ 


b 


SECTION 
A-A 
-$- .040 
1.02)w)lc 
A L)ls 
s)1 


.010(.25) 
(M)lc 


INCHES 
I,lILUl"lETERS r 


INCHES 
MllllMmRS 


N 
NDTEs, 


0'" 
0'" 
MIN. I MAX. 
MIN. I MAX. ~ -- 
7. 
POINTED 
OR 
ROUNDED 
LEAD 
"'" 


MAX. 
MIN. 
"AX. 
1. 
CONTROLUNG 
DIMENSIONS: 
INCH 
TIPS 
ARE 
PREFERRED 
TO 
EASE 
A 
»n 
-- '.. 
.0 
000 
I 
-- 
ODD 
I -- 
5 
2. 
DIMENSIONING 
AND 
TOLERANCING 
INSERTION. 


Al 
010 
-- 
03" 
L 
.100 
I 
.54 
I 
PER 
ANSI 
Y14.5M-1982. 
B. 
FOR 
AUTOMATIC 
INSERTION. 
ANY 


A2 
.14n 
lRn 
, '" 
4 
7 
N 
8 
8 
6 
3. 
D AND 
E1 
DIMENSIONS 
INCLUDE 
RAISED 
IRREGULARITY 
ON 
THE 
TOP 


b 
.015 
.023 
0.38 
0.58 " 


U 
n" 
n'R 
n Rl 
' °7 
ALLOWANCE 
FOR 
GLASS 
OVERRUN 
SURfACE 
(STEP, 
MESA, 
ETC.) 


AND 
MENISCUS. 
AND 
UD 
TO 
SHAlL 
BE 
SYMMETRICAL 
ABOUT 
b2 
.04S 
.070 
1.14 
1.78 
V 
.058 
.064 
1-47 
1.63 
BASE 
MISMATCH. 
THE 
LATERAL 
AND 
LONGITUDINAL 


b3 
.035 
TYP 
0.$1.9 TYP 
w 
.131 
.139 
3.33 
3.53 
4 . 
E AND 
eA 
MEASURED 
WITH 
THE 
PACKAGE 
CENTERLINES. 


c 
008 
.015 
0.20 
0.38 
9 
LEADS 
CONSTRAINED 
TO 
BE 
9. 
b 
AND 
c 
DIMENSIONS 
INCLUDE 


PERPENDICUlAR 
TO 
PlANE 
C. 
BOTH 
THE 
BASE 
MATERIAL 
AND 


D 
.395 
.4" 
,n.m 
,n 
"0 
5. 
eB 
AND 
eC 
ARE 
MEASURED 
AT 
THE 
COATING 
OR 
PLATING 
ON 
THE 


01 
oos 
-- 
THE 
LEAD 
TIPS 
wITH 
THE 
LEADS 
LEADS. 


E 
.300 
'" 
'r.? 
"" 
4 
UNCONSTRAINED. 
eC 
MUST 
BE 
'D. 
A VISUAL 
INDEX 
FEATURE 
t.1UST 


E' 
280 
'0' 
7' 
nn 
3 
ZERO 
OR 
GREATER. 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


0 
.100 
BASIC 
2.54 
BASIC 
6. 
N 
IS 
THE 
MAXIMUM 
NUMBER 
OF 


eA 
.300 
BASIC 
7.62 
BASIC 
4 
TERMINAL 
POSITIONS. 
PACKAGE 
NUM8ER, 
ZZ161-1 
I REV., 
C 


08 
.~50 
-- 
11.43 
5 


0'" 
INCHES 
MiLLIMETERS r 
MIN. 
MAX. 
"'IN. 
MAX. 


A 
»n 
".84 


AI 
015 
-- 
01. 
-- 


A2 
.14n 
,Rn 
"" 
457 


b 
.015 
.0>3 0 ..18 
0.58 
9 
b2 
.045 
.070 
1.14 
1,7B 


3 
.035 
TYP 
0.89 
TYP 


c 
.OOR 
.015 
0.20 
0.38 
9 
0 
.753 
.767 
FL 13 
19.4 
3 


01 
ons 
-- 
n l' 
-- 


E 
.30n 
'" 
7.' 
R 2Ji. 
4 


[l 
.280 
'9S 
, 
11 
'sn 
3 


0 
.100 
BASIC 
2.54 
BASIC 
oA 
.300 
BASIC 
7.62 
BASIC 
4 


NOTES, 


1. 
CONTROLLING 
DIMENSIONS: 
INCH. 


2. 
DIMENSIONING 
AND 
TOlERANCING 
PER 
ANSI 
Y14.5M-19B2. 
3. 
D AND 
E 1 
DIMENSIONS 
INCLUDE 


AlLOWANCE 
FOR 
GlASS 
OVERRUN 
AND 
MENISCUS. 
AND 
LID 
TO 


BASE 
MISMATCH. 


4. 
E AND 
eA 
MEASURED 
WITH 
THE 
LEADS 
CONSTRAINED 
TO 
BE 
PERPENDICULAR 
TO 
PLANE 
C. 
5. 
eB 
AND 
eC 
ARE 
MEASURED 
AT 
THE 
LEAD 
TIPS 
WITH 
THE 
LEADS 
UNCONSTRAINED. 
eC 
MUST 
BE 


ZERO 
OR 
GRtATtR. 


6. 
N 
IS 
THE 
MAXIMUM 
NUMBER 
OF 
TERt.1INAL 
POSITIONS. 


0'" 
INCHES 
I-JllllMETERS 
r 
toliN. 
MAX. 
toliN. 
MAX. 


eC 
.000 
-- 
0.00 
-- 
5 
L 
.100 
-- 
2.54 
-- 


N 
14 
'4 
6 


7. 
POINTED 
OR 
ROUNDED 
LEAD 
T'PS 
ARE 
PREFERRED 
TO 
EASE 
INSERTION. 


8. 
FOR 
AUTOMATIC 
INSERTION, 
ANY 


RAISED 
IRREGUlARITY 
ON 
THE 
TOP 


SURFACE 
(STEP, 
MESA, 
ETC.) 


SHALL 
BE 
SYMMETRICAL 
ABOUT 
THE 
LATERAL 
AND 
LONGITUDiNAl 
PACKAGE 
CENTERLINES . 


9. 
b 
AND 
c 
DIMENSIONS 
INCLUDE 
BOTH 
THE 
BASE 
MATERIAL 
AND 
THE 
COATING 
OR 
PLATING 
ON 
THE 
LEADS. 


10, 
A VISUAL 
INDEX 
FEATURE 
MUST 
BE 
lOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


PACKAGE 
NUMBER: 
ZZ163 
REV.: 
C 
JEDEC 
NUt.18ER: 
NONE 


Burr-Brown Ie Data Book-Linear 
Products r~m· 


Package 
Number 187-1 - 24-Pln 
Pla,tlc 
Double-Wide DIP 


Ik ,It, ,It, ,It, ,It, 


D 


,It, ,It, ~ I1 


El 


V~NDEX 
1 


AREA 


I' 
'u''u''u''u' 
VVV 
1 
12 


h2 ---i ~ 
BASE 
PLANE 
"r;p' 


Ir==E==;1 


J U 
I 
I L 
~J-~J, 


I' 
",--J~lC 
~ 1 
Al 
L 


-0L 
, 


FULL 
LEAD 


4 
PL 
b 
1"$lol0(25)@lcl 


INCHES 
WILLIWETERS ~ 


INCHES 
t.4ILUMETERS ~ 


NOTES: 
9 
"" 
"" 


b2 
MAXlt.4Ut.4 Dlt.AENSlON DOES 


UIN. 
MAX 
"'" 


"AX. 
MIN. 
t.4A,X. "'" 


"AX. 
1 
AlL 
D1t.4EN$IDN$ ARE IN 
INCHES. 
NOT INCLUDE 
OAMBAR PROTRU$IONS. 


A 
.250 
G.35 
3 
L 
115 
200 
292 
5.08 
3 
2. 
DIMENSIONING AND 
TOLERANCING PER 
DAMBAR 
PROTRUSIONS 
SHALL 
NOT 
-- 
-- 
ANSI YI4.5M-1982. 
EXCEED 
.0lD 
(0.25mrn). 
Al 
.015 
0.38 
3 
N 
16 
16 
7 
3. 
DIt.4ENSIDNS A. Al. 
AND L ARE 
'0 
DISTANCE BETWEEN LEADS 
INCLUDING 
A2 
.125 
.195 
.1.18 
4.95 
MEASURED WITH THE 
PACKAGE SEATED 
DAMBAR PROTRUSIONS 
TO BE 
b 
.014 
.022 
0.36 
0.56 
IN .JEDEC SEATING PLANE 
GAUGE GS-3 
.005 
(O.13rnrn) 
MINIMUt.4. 


b2 
.030 
.070 
0,76 
1.78 " 


4. 
D. 
01, 
AND 
[1 
OII.4(NSIONS 
DO NOT 
11 
A VISUAL 
INDEX 
FEATURE MUST 
BE 
INClUDE 
MOLD flASH 
DR PROTRUSIONS. 
c 
.008 
.015 
020 
0.38 
MOLD flASH 
OR PROTRUSIONS 
SHALL 
LOCATED WITHIN THE CROSS-HATCHED 
AREA 
D 
1.150 
1.290 
29.21 
32.77 
4 
NOT EXCEED 
.010 
(O.25mm). 
12. 
FOR AUTOMATIC INSERnON. 
Am 
01 
.OD5 
0.13 
4 
5. 
E AND 
eA ~.4EASURED WITH THE LEADS 
RAISED IRREGULARITY ON THE TOP 
E 
.600 
.625 
15.24 
15,88 
5 
CONSTRAINED TO BE PERPENDICUlAR 
SURFACE 
(STEP. 
MESA. ETC.) 
SHALL 


El 
.485 
.580 
12.32 
14.73 
4 
TO DATUM (±] 
BE S'l'MMETRICAL 
ABOUT 
THE 
LATERAL 


Co, eB 
AND 
eC ARE 
MEASURED AT THE 
AND 
LONGITUDINAl 
PACKAGE CENTERLINES. 


e 
.100 
BASIC 
2.54 
BASIC 
LEAD TIPS WlTH THE LEADS 
UNCONSTRAINED 


eA 
.600 
BASIC 
15,26 
BASIC 
5 
7. 
N 
IS THE MAXIMUM 
OF TERMINAL 
POSITIONS 
PACKAGE 
NUMBER: 
2Z167 
1 
REV.: 
8 
e8 -- 
.700 
-- 
17.78 
6 
8. 
POINTED OR ROUNDED 
LEAD TiPS ARE 
,IE DEe 
NUMBER: 
M$ 
011 
M 


eC 
.000 
.060 
0.00 
1.52 
G 
PREFERRED 
TO EASE INSERTION. 
WITH 
THE 
EXCEPTION 
OF 
~N" 


1 
7 


~r 


81 
["' 
+ 


BASE 
-U WHT~H 
b{ 111J 
A 
PLANE~ 
H 
='·'1 


- 
PLANE 
, 
-~ 


5 
_ 
--11--8 
L 
__ 
.1 
__ 


INCHES 
~ILU~ETERS ~ 


INCHES 
t.AllU~ETERS ~ 


NOTES: 
"" 
t.lIN. 
.....x 
"~ 
"AX 
0'" 
"IN 
"AX 
"IN 
"AX 
5 
OUTLINES 
ON 
WHICH 
THE 
SEATING 
I. 
DIMENSIONING 
Af,.IQ TOLERANCING 
PlANE 
15 
COINCIDENT 
WITH 
THE 
A 
105 
.175 
2.67 
4.4 
~ 
CY 
". 
CY 
". 
3 
PER 
ANSI 
Y14':'-1973. 
PLANE 
(Al 
~ 
0). 
TERMINALS 
Al 
.075 
n" 
lfi, 
4n 
2. 
LEADS 
WITHIN 
.005 
IN. 
(0. 13mm) 
LEAD 
STANDOFFS 
ARE 
NOT 
8 
.015 
.021 
0 ..18 
0.53 . 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
REOUIRED. 
AND 
81 
MAY 
EQUAL 
8 


81 
.038 
.060 
0.97 
1.52 
5 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 


C 
no. 
n,? 
n?n 
(I 
( 
MATERIAL 
CONDITION 
AND 
UNIT 
ABOVE 
THE 
SEATING/BASE 
PLANE. 


0 
<an 
770 
175 
1'356 
CSTALLED. 
G. 
El 
DOES 
NOT 
INCLUDE 
PARTICLES 


F 
.790 
.325 
7.37 
8?6 
3. 
Q( 
APPLIES 
TO 
SPREAD 
LEADS 
OF 
PACKING 
MATERIALS. 


El 
.280 
10 
7 11 
7.A7 
G 
PRIOR 
TO 
INSTALLATION. 
7. 
CONTROLLING 
DIMENSION: 
INCH 


.1 
1<'0 
TYP 
F 
TYP 
4. 
N 
IS 
THE 
NUMBER 
or 
TERMINAL 
eA 
,no 
NO 
7 F;., 
r(p 
POSITIONS 
8 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
, 
" 
, 
""Ie;. 
AF 
IOrATfO 
WITHIN 
THE 
CPOSS- 


N 
14 
14 
4 
HATCHED 
AREA. 


Ql 
.010 
0251 
PACKAGE 
NUMBER: 
22169 
REV.: 
F 
5 
.030 
.095 
076 
2.41 
JEOEC 
NUMBER: 
MO-36 
A8 


BURR-m- 
IE:I~ 
Burr-Brown Ie Data Book-Linear 
Products 


MILLIMETERS 


MIN 
MAX., 


02 --j f- 
A2 
~~~E\. 
U 
IJ UUUU,J-u,u1dl 


~~~~'~GW lV·V 
V V lj 
1:1 
tl 
L 


?/2 
LEAD 
., 'BL 
V-j0r- 
r 


4 
PL 
b3~ 
4 
PL 
b 
14ilol0(25)@!cl 


~ 
NOTES: 


t 
1. ALL 
DIMENSIONS 
ARE IN 
INCHES. 
2. 
DIMENSIONING 
AND TOLERANCING 
PER 
ANSI 
Y14.SM-1982. 


3. 
DIMENSIONS 
A, A 1, AND 
L ARE 
MEASURED WITH THE PACKAGE SEATED 
IN JEDEC 
SEATING PLANE 
GAUGE GS-3. 
4. 
D, 
DI, 
AND 
£1 
DIMENSIONS 
DO NOT 
INCLUDE 
MOLD FLASH OR PROTRUSIONS. 
MOLD 
FLASH OR PROTRUSIONS 
SHALL 
NOT EXCEED 
.010 
(0.25rmn). 


5. 
E AND 
eA MEASURED WITH THE 
LEADS 
CONSTRAINED 
TO BE 
PERPENDICULAR 
TO DATUM~ 
6. 
eB 
AND 
eC ARE MEASURED AT THE 
LEAD TIPS 
WITH THE LEADS 
UNCONSTRAINED. 


7 
N 1$ THE 
MAXIMUM OF TERMINAL 
POSITIONS 


Ir=E~ 
fPt, 


I 
I 


~ 
L~~U, 


eC 
~ 
~l+-C 


e8~ 


MILLIMETERS 


t.lIN.Tt.tA.x. 
0.00 11.52 
6 
2.92 
3.81 
3 


16 
7 


8. 
POINTED 
OR ROUNDED 
LEAD TIPS 
ARE 


PREFERRED 
TO EASE INSERTION. 
9. 
b2 
AND 
b3 
MAXIMUM 
DIMENSIONS 
DO 
NOT INCLUDE 
DAMBAR PROTRUSIONS 
DAt.-1BAR PROTRUSIONS 
SHAll 
NOT 


EXCEED 
.010 
(O.25rnm). 
10. 
DISTANCE BETWEEN LEADS 
INCLUDING 


DAMB.AR PROTRUSIONS 
TO BE 
005 
(O.13mrn) 
MINIMUM 
11. 
A VISUAL 
INDEX FEATURE MUST 
BE 
LOCATED WITHIN THE CROSS-HATCHED 
AREA 
12. 
FOR AUTOMATIC INSERTION, 
ANY 
RAISED IRREGULARITY ON THE 
TOP 


SURFACE 
(STEP, 
MESA, ETC.) 
SHALL 
BE SYMMETRICAL ABOUT 
THE LATERAL 


AND lONGITUDINAL 
PACKAGE 
CENTERLINES. 


PACKAGE 
NUMBER: 
ZZ180 
REV.; 
F 
JEOEC 
NUMBER: 
MS 
001 
BB 


A 


Al 
015 
0.38 
A2 
115 
.195 
?9? 
4.Q"> 
b 
.014 
.022 
0.36 
0.56 


b2 
.045 
.070 
1.14 
1.78 
9 


b3 
.00 
.045 
0.76 
1.14 
<J 


008 
014 
0.20 
0.36 
D 
.735 
.775 
18.6721.34 
4 


01 
.005 
0.13 
- 
4 
E 
.300 
325 
7.62 
8.26 
5 
El 
.240 
.280 
6.10 
7.11 
4 


e 
.1f'1f'1 
!=lA'1 
? ">4 
A::::.jr· 


eA 
"'00 
'A'I 
7.63 
BASIC 
5 
eB 
.430 
10.92 
{) 


eC 
.3 
L 


N 


MIN 
MAX. 


000 
I 
.OGO 
1 1~) I .150 


16 


Package Number 208 ~ 40-L.ad 
Side Braze DIP, .600 
Wide, ISO Package 


I" 


D 


:,1 
4 
N 
O 
10 
OIJ 


I 
20 


INDEX 
AREA 


BASE 
Bl 
~ r- 
t 
t:= E=::j 


PLANE~fj 
i!liT 
Jm-i;t 0 


SEATINJ J 


PLANE 


S -el- 


INCHES 
MilLIMETERS 
N 
INCHES 
MilLIMETERS 


N 
NOTES, 
I 


0 
0'" 
"'" 


MA.X. 
MIN. 
"AX 
0>" 
"'" 
"AX. 
MIN. 
MA.X. I 
1 
DIMENSIONING 
AND 
TOLERANCING 
LEAD 
STANDOFFS 
ARE 
NOT 


A 
085 
.190 
'7.16 
4.83 
PER 
ANSI 
Y14.5-1982. 
REOUIRED, 
AND 
B 1 
MAY 
EOUAL 
B 
Al 
.020 
070 
0.51 
1.7B 
2 
LEADS 
WITHIN 
.005 
IN. 
(0.13mm) 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 


B 
.015 
.023 
0.38 
0.58 
5 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
ABOVE 
THE 
SEATING/BASE 
PLANE. 


Bl 
038 
.060 
0.97 
1.52 
5 
AT GAUGE 
PLANE 
WITH 
MAXIMUM 
6. 
El 
DOES 
NOT 
INCLUDE 
PARTICLES 


C 
008 
012 
0.20 
0.30 
MATERIAL 
CONDITION 
AND 
UNIT 
OF 
PACKING 
MATERIALS. 


0 
1.980 
2.030 
50.29 
51.56 
INSTALLED. 
7 
CONTROLLING 
DIMENSION: 
INCH. 
E 
.595 
.62S 
15.11 
15.88 
3. 
0< 
APPLIES 
TO 
SPREAD 
LEADS 
El 
S80 
.610 
14.73 
15.49 
G 
PRIOR 
TO 
INSTALLATION. 
8. 
A VISUAL 
INDEX 
FEATURE 
MUST 


e1 
-;[) 
Tvi> 
"'4 
TYp 
2 
4. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 


eA 
.60 
TYP 
1'-'?4 
TYP 
2 
POSITIONS . 


HATCHED 
AREA. 


175 
. )7 
'.18 
I 4.45 
5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 
N 
1G 
16 
4 
PLANE 
IS COINCIDENT 
WITH 
THE 
PACKAGE 
NUMBER; 
ZZ206 
REV.: 
C 
S 
030 
.065 
0.761 
1.65 
PLANE 
(A 1 
0), 
TERWNALS 
JEDEC 
NUMBER: 
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(J 
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(J 
15· 
WITH 
THE 
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OF 
~N" 
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NOTES, 
5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 
0'- 
"'" 
"AX. 
"'" 
MAX 
0'" 
~IN. 
MAX. .." 
""" . 


PLANE 
IS 
COINCIDENT 
WITH 
THE 
1. 
DIMENSIONING 
AND 
TOLERANCING 


A 
.085 
190 
2.16 
4.8.3 
a 
O' 
15' 
IT 
IS' 
3 
PER 
ANSI 
Y145-1973. 
PLANE 
(AI 
~ 
0). 
TERMINALS 
LEAD 
STANDOFFS 
AR[ 
NOT 
Al 
.020 
.070 
0.51 
1.78 
2. 
LEADS 
WITHIN 
.005 
IN. 
(0.13rnrn) 
REOUIRED, 
AND 
81 
MAY 
[DUAL 
B 
8 
.015 
.023 
0 ..38 
0.58 
5 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
81 
038 
.060 
0.97 
1.52 
!) 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
ABOVE 
THE 
SEATING/BASE 
PLANE. 


C 
008 
012 
0.20 
0.30 
MATERIAL 
CONDITION 
AND 
UNIT 


6. 
E 1 
DOES 
NOT 
INCLUDE 
PARTICLES 


0 
1,180 
1.220 
29.97 
30.99 
INSTALLED. 


OF 
PACKING 
MATERIALS 
. 


E 
.595 
.625 
15.11 
15.88 
3 
0: 
APPLIES 
TO 
SPREAD 
LEADS 


El 
.580 
.610 
14.73 
15.49 
6 
PRIOR 
TO 
INSTALLATION. 
7. 
CONTROLLING 
DIMENSION: 
INCH. 
e' 
100 
TYP 
7 C•• 
'YD 
2 
4. 
N 
1$ 
THE 
NUMBER 
OF 
TERMINAL 
8. 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
,A 
.600 
TYP. 
1!).24 
TYP, 
2 
POSITIONS. 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 


.125 
.17 
3.18 
4.45 
HATCHED 
AREA 


N 
16 
16 
• 
PACKAGE 
NUMBER: 
Z22D8 
1REV., 
C 


01 
.010 
0.25 
- 
JEDEC 
NUMBER: 
MO-038 
AA 
5 
.030 
.065 
0.7b 
1.65 
WITH 
THE 
EXCEPTION 
OF 
"N" 


~:~ 
~~E 
\.: 


SEATlNGl 


PLANE --j 


$ q~,' 


1" 
NOT[S, 


1. 
DIMENSIONING 
AND 
TOLERANCING 


PER 
ANSI 
Y14.5-1982. 


2. 
LEADS 
WITHIN 
.005 
IN. 
(0.13mm) 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
MATERIAL 
CONDITION 
AND 
UNll 
INSTALLED. 


3. 
OC 
APPLIES 
TO 
SPREAD 
LEADS 
PRIOR 
TO 
INSTALLATION. 


4 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
POSITIONS. 


INCHES 
MILlIt.lETER5 


MIN. 
M~)(. 
t.lIN 
MAX. 
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.040 
nfT.fj 
1.n? 
1.5 
.016 
.020 
0.41 
O.~ll 
5 
.040 
lYP. 
1.02 
TYP 


.01 
D.?.) 
0..••.0 


"iQn 
1 n."iO 4().3~1 
41.40 
.895 
.925 
22.73 
23.49 


.R7!) 
..., 
6 


.100 
TYP. 
::!.54 
TYP. 
2 


~., Rh 
rye 


>0< 
'.0 
".14<7 
16 
16 
4 


.044 
.056 
1.12 
1.42 


()' 
IS' 
(j 
IS·.3 


5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 


PLANE 
IS 
COINCIDENT 
WITH 
THE 


PLANE 
(Al 
= 
0), 
TERMINALS 


LEAD 
STANDOFFS 
ARE 
NOT 
REOUIRED, 
AND 
81 
MAY 
EQUAL 
B 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
ABOVE 
THE 
SEATING/BASE 
PLANE . 


6. 
E 1 
DOES 
NOT 
INCLUDE 
PARTICLES 


OF 
PACKIN(, 
MATERIALS, 


7. 
CONTROLLING 
(lIMENSION. 
INCH . 


8 
A VISUAL 
INDEX 
FEATURE 
MUST 


BE 
LOCATED 
WITHIN 
THE 
CROSS- 


HATCHED 
AREA 
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PLANE 
G 
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14f1 
010 
(25)@jcIA@lB®I 


INCHES 
MILLIMETERS " 
INCH(S 
MILLIMETERS " 
NOTES: 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
0'" 
9 
0'" 
~ -- 
MIN. 
t.lAX. 
"'" 
"" 
[ 
"'" 
MAX. 
MIN. 
MAX. 
1 
DIMENSIONING 
AND 
TOLERANCING 
LOCATED 
WITHIN 
THE 
CROSS- 


A 
.0926 
.1043 
2.35 
2.65 
PER 
ANSI 
Y14.5M-1982. 
HATCHED 
AREA . 


Al 
.004 
.0118 
0.10 
0.30 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
5 . 
L 
1$ 
THE 
lENGTH 
OF 
TERMINAL 


B 
.013 
020 
0.33 
0.51 
7 
MOLD 
FLASH. 
PROTRUSIONS 
OR 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE. 


C 
.0091 .0125 
0.23 
0.32 
GATE 
BURRS. 
MOLD 
FLASH, 
fi. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 


0 
.3977 
.4133 
10.10 
10.50 
2 
PROTRUSIONS 
AND 
GATE 
BURRS 
POSITIONS. 


E 
.2914 
.2992 
7.40 
7.60 
3 
SHALL 
NOT 
EXCEED 
DOG 
IN . 
7. 
THE 
LEAD 
WIDTH 
B, 
AS 
MEASURED 
.014 
IN. 
(tU6 
mm) 
OR 
e 
.050 
BASIC 
1.27 
BASIC 
(0 
15 
mm) 
PER 
SIDE. 
GREATER 
ABOVE 
THE 
SEATING 
PLANE. 
H 
394 
.419 
10.00 
10.65 
3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
SHALL 
NOT 
EXCEED 
A 
MAXIMUM 
INTER-LEAD 
FLASH 
OR 
h 
.010 
.029 
0.25 
0.75 
4 
PROTRUSIONS. 
INTER-lEAD 
FLASH 
VALUE 
OF 
.024 
IN . 
(0.61 
mm). 


L 
.016 
.050 
0.40 
1.27 
5 
AND 
PROTRUSIONS 
SHALL 
NOT 
8. 
LEAD 
TO 
LEAD 
COPLANARITY 


N 
16 
16 
6 
EXCEED 
010 
IN. 
(0.25 
mm) 
SHALL 
BE 
LESS 
THAN 
.004 
IN. 


0< 
O' 
8' 
O' 
B' 
PER 
SIDE. 
(0.10 
mm) 
FROM 
SEATING 
PLANE. 


4 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
PACKAGE 
NUMBER: 
ZZ211 
REV., 
F 
OPTIONAL 
IF 
IT 
IS 
NOT 
PRESENT, 
JEDEC 
NUMBER: 
MS 
013 
AA 


Package 
Number 
216-1 
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DIP 
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INCHES 
~ILLIMETERS ! 


INCHES 
MILlI~ET£RS 
" 
NOTES, 
8. 
POIN1ED 
OR ROUNDED 
lEAD 
TIPS ARE 
0 
a," 
MIN. 
MAX 
"'" 
MA' 
"'" 
"'" 
"". 
I 
1, All 
DIMENSIONS 
ARE IN INCHES. 
PREFERRED 
TO EASE INSERTION. 
~IN. "" 
A 
250 
6.35 
3 
L 
115 
200 
2. 
DIMENSIONING AND TOlERANCING 
PER 
9. 
h2 
MAXIMUM 
DIMENSION 
DOES 
2.92 
5.08 
3 
ANSI Y 14.5M- 
1982. 
NOT INCLUDE 
DAMBAR PROTRUSIONS. 
Al 
.015 
-- 
0.38 
-- 
3 
N 
16 
16 
7 
3. 
DIMENSIONS 
A, A 1, AND l 
ARE 
DAMBAR PROTRUSIONS 
SHAll 
NOT 
A2 
125 
.195 
3.18 
4.95 
MEASURED WITH THE PACKAGE SEATED 
EXCEED 
.010 
(0.25mm) 


0 
.014 
.022 
0.36 
0.5b 
IN ,JEDEC SEATING PLANE 
GAUGE GS-3. 
10. 
DISTANCE BETWEEN LEADS 
INCLUDING 


02 
.030 
.070 
0.76 
1.78 
9 
4. 
D. 
01, 
AND 
£1 
DIMENSIONS 
DO NOT 
DAMBAR PROTRUSIONS 
TO BE 


c 
.008 
.015 
0.20 
0.38 
INCLUDE 
MOLD FLASH OR PROTRUSIONS . 
005 
(O.13mm) 
MINIMUM. 


MOLD 
FLASH OR PROTRUSIONS 
SHALL 
11. 
A VISUAL 
INDEX 
FEATURE MUST BE 
D 
1.380 
1.565 
35.05 
39.75 
4 
NOT EXCEED .010 
(0.25rnrn). 
LOCATED WITHIN THE CROSS-HATCHED 
AREA. 
01 
.005 
0.13 
4 
5, 
E AND 
eA MEASURED 
WITH THE 
LEADS 
12. 
FOR AUTOMATIC INSERTION. 
ANY 


E 
.600 
.625 
15.24 
15.88 
5 
CONSTRAINED TO BE 
PERPENDICULAR 
RAISED IRREGULARITY ON 
THE TOP 


E1 
.485 
.580 
12.32 
14.73 • - 
- 
TO 
DATUM 8=:J 
SURFACE 
(STEP. 
MESA, ETC.) 
$HALl 
. 
o. 
eB 
AND 
eC ARE 
MEASURED AT THE 
BE 
SYMMETRICAL ABOUT 
THE LATERAL 
100 
BASI 
2.54 
BASIC 
LEAD TIPS WITH THE 
LEADS 
AND 
LONGITUDINAL 
PACKAGE CENTERLINES 
eA 
.600 
BASIC 
15,26 
BASIC " 
UNCONSTRAINED 
PACKAGE 
NUMBER 
ZZ215 
1 
REV.: 
8 
.8 
700 
-- 
17.78 
6 
7. 
N IS THE MAXIMUM 
OF TERMINAl 
.JEDEC 
NUMBER: 
MS 
011-AB 
eC 
.000 
.060 
0.00 
1.52 
6 
POSITIONS 
WITH 
THE 
EXCEPTION 
OF "N 
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Package 
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81 
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.'17 
4.50 
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0.11 
0.21 
2.79 
5.33 


L 
.375 
.425 
9.53 
10.80 


PACKAGE 
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NUMBER: 
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NOTES: 
CROSSHATCHED 
AREA. 


OIN 
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"'" 
"AX 
"'" 


MAX. 
"'" 


MAX. 
1. 
DIMENSIONING 
AND 
TOlERANCING 
5 
l 
IS 
THE 
LENGTH 
OF 
TER~INAl 


A 
.0926 
. 1043 
2.3S 
2.65 
PER 
ANSI 
Y14.SM-1982. 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE 
. 


Al 
.004 
.0118 
0.10 
0.30 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
6 
N 
IS 
THE 
NUMBER 
OF 
TERMINAl 


e 
.013 
.020 
0.33 
0.51 
7 


MOLD 
FlASH. 
PROTRUSIONS 
OR 
POSITIONS. 
GATE 
BURRS. 
MOLD 
FLASH. 


C 
.0091 
.0125 
0.23 
0.32 
PROTRUSIONS 
AND 
GATE 
BURRS 
7. 
THE 
LEAD 
WirTH 
B. 
AS 


0 
.6969 
.7125 
17.70 
18.10 
2 
SHALL 
NOT 
EXCEED 
.006 
IN 
MEASURED 
.014 
IN. 
(0.36 
mm) 
OR 


E 
.291,( 
.2992 
7.40 
7.60 
3 
(0.15 
mm) 
PER 
SIDE . 
GREATER 
ABOVE 
THE 
SEATING 


e 
.050 
BASIC 
1.27 
BASIC 
3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
PLANE. 
SHALL 
NOT 
EXCEED 
A 


INTER-LEAD 
FLASH 
OR 
PROTRUSIONS 
MAXIMUM 
VALlJE 
Of 
.024 
IN. 


H 
.398 
.419 
10.11 
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INTER-LEAD 
FLASH 
AND 
PROTRUSIONS 
(0.61 
mm). 
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.010 
.0295 
0.25 
0.75 
4 
SHALL 
NOT 
EXCEED 
.010 
IN. 
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LEAD 
TO 
LEAD 
COPLANARITY 
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.020 
.0.•0 
SOB 
1.02 
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(0.2.5 
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BE 
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THAN 
.004 
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2e 
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THE 
CHAMFER 
ON 
THE 
BODY 
IS 
(0.10 
mrn) 
FROM 
SEATING 
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NOT 
PRESENT. 
PACKAGE 
NUMBER; 
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, REV.; 
G 


A 
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INDEX 
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THE 
WITH 
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1. 
DIMENSIONING 
AND 
TOLERANCING 
PER ANSI Y14.5M-1982. 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 


MOLD 
FLASH. 
PROTRUSIONS 
OR 


GATE 
BURRS. 
MOLD 
flASH, 
PROTRUSIONS 
AND 
GATE 
BURRS 


SHALL 
NOT 
EXCEED 
.006 
IN. 


(0.15 
rnm) 
PER 
SIDE. 


3. 
DIMENSION 
E DOES 
NOT 
INCLUDE 
INTER-LEAD 
FLASH 
OR 
PROTRUSIONS. 
INTER-LEAD 
FLASH 


AND 
PROTRUSIONS 
SHALL 
NOT 
EXCEED .010 
IN. 
(0.25 
mm) 
PER $loE. 


4. 
THE 
CHAMFER 
ON 
THE 
BODY 
1$ 
OPTIONAL. 
IF 
IT IS 
NOT 
PRESENT, 


A VISUAL 
INDEX 
FEATURE 
MUST 
BE 


0'" 


INCHES 


"'N 
N" 
A 
.0926 
.1043 


Al 
.004 
.0118 


B 
.013 
020 
C 
.0091 
.0125 
0 
.6969 
.7125 
01 
.426 
.441 


E 
.2914 
.2992 


e 
.050 
BASIC 
H 
..194 
.419 


h 
0'0 
0295 


L 
.016 
050 


N 
12 


<X 
O· 
8· 


~1E 


PLANE~ 
~ 


SEATING- 
PLANE 
o 


MILLIMETERS 


llllN 
""AX. 


2.3~ 
2.65 


0.10 
0.30 


0.33 
0.51 
7 
0.23 
0.32 


17.70 
18.10 
2 


10.8211.20 
7.42 
7.60 
.3 


1.27 
BASIC 


10.01110.65 
0.251 
0.75 
4 
0.41 
1.27 
5 
12 
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1 
DIMENSIONING 
AND 
TOLERANCING 
PER 
ANSI 
Y14.SM-1982 
2 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
MOLD 
FLASH, 
PROTRUSIONS 
OR 


GATE 
BURRS. 
MOLD 
FLASH, 
PROTRUSIONS 
AND 
GATE 
BURRS 


SHALL 
NOT 
EXCEED 
.006 
IN. 
(0.15 
mm) 
PER 
SlOE 


.3 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
INTER -LEAD 
FLASH 
OR 
PROTRUSIONS. 
INTER-LEAD 
FLASH 
AND 
PROTRUSIONS 
SHALL 
NOT 


EXCEED 
.010 
IN. 
(0.25 
mm) 
PER 
SIDE. 
4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
OPTIONAL. 
IF 
IT IS 
NOT 
PRESENT, 


A VISUAL 
INDEX 
FEATURE 
MUST 
BE 


LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


5. 
L 
IS 
THE 
LENGTH 
OF 
TERMINAL 


FOR 
SOLDERING 
TO 
A 
SUBSTRATE. 


6. 
N 
1$ THE 
NUMBER 
OF 
TERMINAL 
POSITIONS. 
7. 
THE 
LEAD 
WIDTH 
B, 
AS 


MEASURED 
.014 
IN. 
(0.36 
rnm) 
OR 
GREATER 
ABOVE 
THE 
SEATING 


PLANE. 
SHALL 
NOT 
EXCEED 
A 


MAXIMUM 
VALUE 
OF 
.024 
IN. 


(0.61 
mm). 
8. 
LEAD 
TO 
LEAD 
COPLANARITY 


SHALL 
BE 
LESS 
THAN 
.004 
IN. 
(0.10 
mm) 
FROM 
SEATING 
PLANE. 


PACKAGE 
NUMBER 
ZZ217-1 
REV.: 
G 


JEDEC 
NUMBER: 
MS-013-AE 
WITH 
THE 
EXCEPTION 
OF 
"N" 


LOCATED 
WITHIN 
THE 
CROSS- 


HATCHED 
AREA. 


5. 
L 
15 THE 
LENGTH 
OF 
TERMINAL 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE. 


6. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
POSITIONS. 


7. 
THE 
LEAD 
WIDTH 
B. 
AS 


MEASURED 
.014 
IN, 
(0.36 
mm) 
OR 
GREATER 
ABOVE 
THE 
SEATING 


PLANE. 
SHALL 
NOT 
EXCEED 
A 


MAXIMUM 
VALUE 
OF 
.024 
IN. 
(0.61 
mm). 
8. 
LEAD 
TO 
LEAD 
COPLANARITY 


SHALL 
BE 
LESS 
"THAN 
.004 
IN. 


(0. to 
mm) 
FROM 
SEATING 
PLANE. 


PACKAGE 
NUMBER: 
ZZ217-2 
REV.: 
0 
JEDEC NUMBER: 
MS 
013 
AE 
WITH 
THE 
EXCEPTION 
OF 
"N" 


IiRR-m 


e 


Burr-Brown Ie Data Book-Linear 
Productsaa 


• ••••••••w- 
••••" •••.-, 
•••••• 


·w 
_____ 
••• ~••• " 
_. 
__ 
•• 
_ •• 
, 
._ 
•••• ..._- 


l"lNB 


D 


10"I 


! 


11 
1 
9 


Bl--1 
I-- 
$' 
:~:~1' 
n n r 
:'d~~"~ u~" 


PLANE 
PLANE 


S 
~ 
I 
c 
eA 


INCHES 
MilLIMETERS 
~ 


INCHES 
MilLIMETERS 
~ 


NOTES: 
DIM 
MIN. 
MAX. 
MIN 
MAX. 


DIM 
MIN 
MAX. 
lAIN. 
MAX. 
1. 
LEADS 
IN 
TRUE 
POSmON 
WITHIN 
A 
.148 
.197 
3.76 
5.00 
010·' 
(0,25mm) 
R 
@ 
MMC 
AT 


Al 
.015 
035 
0.38 
0.89 
SEATING 
PLANE. 


B 
.016 
.020 
0.41 
0.51 
2. 
PIN 
NUMBERS 
SHOWN 
FOR 


Bl 
.050 
TYP. 
1.27 
TYP 
REFERENCE 
ONLY 
NUMBERS 
MAY 


B2 
040 
TYP 
1,02 
TYP 
NOT 
BE 
MARKED 
ON 
PACKAGE. 


c 
.009 
.012 
0.23 
0.30 
3. 
A VISUAL 
INDEX 
FEATURE 
MUST 
0 
.982 
1.002 
24.94 
25.45 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 
HATCHED 
AREA. 


El 
.480 
500 
12.19 
12.70 


.1 
.095 
.105 
2.41 
2.67 


.A 
.290 
.310 
7.37 
7.87 
L 
.150 
.ZOO 
3,81 
5,08 


N 
18 
18 


S 
.038 
I 
.103 
0.97 
2.62 
PACKAGE 
NUMBER: 
ZZ220 
REV., 
C 


JEDEC 
NUMBER: 
NONE 


package 
Number 
225 
- 
24-Lead 
Side 
BraEe 
DIP•. 300 
Wide. 
ISO 
package 
- 


I- 
,: I 


C/) 


0 
" 
ItJ: 


z 
:ou 


~ctC 


1 
12 


W 


"""~ 


--j r 


B1 
, 
05-< 


" 


AREA 


~ 


BASE 
WJ 
PLANE ~ 
c-lT H 
A 
H l- 
I- 
0 
""'~J " 
- - 


=FL 


PLANE 
I 


~ 
s __ 
---H--B 
- 


.1 I-- 


INCHES 
MilLIMETERS 
1 


INCHES 
MILLIMETERS 
1 


NOTES, 
5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 
DIM 
MIN 
MAX. 
"IN 
MAX 
DI" 
MIN 
MAX 
MIN 
MAX 
1. 
DIMENSIONING 
AND 
TOLERANCING 
PLANE 
IS 
COINCIDENT 
WITH 
THE 


A 
.140 
185 
3.56 
4.70 
PER 
ANSI 
Y14,5-198Z. 
PLANE 
(Al 
= 
0). 
TERMINALS 


Al 
.040 
,060 
1.02 
15Z 
LEADS 
WITHIN 
.005 
IN. 
(O.13mm) 
lEAD 
STANDOFFS 
ARE 
NOT 
2 
REQl/IRED. 
AND 
Bl 
MAY 
EQUAL 
8 


B 
.016 
.020 
0.41 
0.51 
5 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 
Bl 
.045 
.055 
1.14 
1.40 
5 
AT GAUGE 
PLANE 
WITH 
MAXIMUM 
ABOVE 
THE 
SEATING/BASE 
PLANE 


C 
.009 
.012 
0.23 
0.30 
MATERIAL 
CONDlTlON 
AND 
UNIT 


1.212 
30.18 
30.78 
INSTALLED. 
6. 
E 1 DOES 
NOT 
INCLUDE 
PARTICLES 
0 
1.188 
OF 
PACKING 
MATERIALS . 
E 
.300 
.3'0 
7.6? 
8.13 
."\. 0; 
APPLIES 
TO 
SPREAD 
LEADS 


EI 
.280 
.300 
7.11 
7.62 
6 
PRIOR 
TO 
INSTALLATION. 
7. 
CONTROLLING 
DIMENSION: 
INCH. 


,1 
.100 
TYP. 
?54 
TYP. 
2 
4. 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
8 
A VISUAL 
INDEX 
FEATURE 
MUST 
,A 
300 
TYP. 
7.62 
TYP 
2 
POSITION~. 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 


L 
.125 
.180 
3.18 
4.57 
HATCHED 
AREA 


N 
16 
16 
4 


S 
.035 
.065 
0.89 
1.65 
PACKAGE 
NUMBER: 
ZZ225 
REV.: 
E 
~ 
IY 
15' 
(f 
15' 
3 
JEDEC 
NUMBER: 
NONE 


IURR-mO 
E:lW 
Burr-Brown Ie Data Book-Linear 
Products 


Package 
Number 
228 
- 
a-Pin 
Pia. tic 
DIPIAiOJ 
011 8 
J~ 
J1~LH 


INCHES 
MILLIMETERS . 


INCHES 
MILLIMETERS 
f 


NOTES, 
0 


0'" 
MIN, 
MAX. 
UIN. 
lAAX. 
1 
D'" 
I,IIN. 
"AX. 
UIN. 
"-'X. 


A 
.620 
.640 
15.7 
1626 
8 
.465 
485 
11.81 
12.32 


C 
.350 
.370 
889 
9.40 


F 
.16.5 
.185 
4.19 
4.70 


G 
.100 
BASIC 
.54 
ASIC 


H 
.025 
SO. 
.635 
50 . 
" 
.370 
390 
94" 
9.91 
L1 
.280 
.300 
7.11 
7.62 


L2 
.465 
.485 
11.81 
12.32 


PACKAGE 
NU~BER: 
ZZ226 
REV.' 
A 
JEOEC 
NU"BER, 
NONE 


Package 
Number 
231 
- 
24·L •• d 
Sid. 
Braze 
DIP, .800 Wide, 
ISO 
Package 


1~4" 
" 


0 
·1 
" 
" 


13 


I 
IJ 


1 
12 


INOEX 
B1- 
-- 
P 


E9 


AREA 
--. 


~t1~E 
'- 
gm II 


A 
"~jm~t 
'"~JI 


PLANE 


~ 
~_ .1-- 
""---I I-- 
- 
~C 


f----.A- 


INCHES 
10llLUMElERS . 
INCHES 
MILLIMETERS . 
NOTES, 
5. 
OUTLINES 
ON 
WHICH 
THE 
SEATING 
0'" 
Y 
DO" 
Y 
WIN. 
NAX 
"IN. 
MAX 
[ 
WIN. 
MAX 
",. 
"AX 
[ 
PLANE 
IS 
COINCIDENT 
WITH 
THE 


A 
1. 
DIMENSIONING 
AND 
TOLERANCING 
PLANE 
(A1 
= 
0). 
TER."NALS 
.310 
.375 
7.87 
9.52 
PER 
ANSI 
Y14.5-1982. 
LEAD 
STANDOFFS 
ARE 
NOT 
A1 
040 
.OGO 
1.02 
1.52 
2. 
LEADS 
WllHIN 
.005 
IN. 
(0.13mm) 
REOUIRED, 
AND 
Bl 
MAY 
EQUAL 
B 


B 
.016 
020 
0.41 
0.51 
5 
RADIUS 
OF 
TRUE 
POSITION 
(TP) 
ALONG 
ANY 
PART 
OF 
THE 
LEAD 


BI 
.040 
TYP. 
1.02 
TYP . ~ 
AT 
GAUGE 
PLANE 
WITH 
MAXIMUM 
ABOVE 
THE 
SEATING/BASE 
PLANE. 


C 
.009 
.012 
0.23 
0.30 
MATERIAL 
CONDITION 
AND 
UNIT 
6. X 
DOES 
NOT 
INCLUDE 
PARTICLES 
0 
1.180 
1.265 
29.97 
32.13 
INSTALLED 
PACKING 
MATERIALS. 
E 
.6DC 
.620 
15.24 
15.75 
3. 
C)( 
APPLIES 
TO 
SPREAD 
LEADS 


E1 
.570 
.610 
14.48 
15.49 
[, 
PRIOR 
TO 
INSTALLATION . 
7. 
CONTROLLING 
DIMENSION: 
INCH. 


• 1 
.100 
TYP. 
2.54 
TYP. 
2 
4. 
N 
IS THE 
NUMBER 
OF 
TERMINAL 
8. 
A 
VISUAL 
INDEX 
FEATURE 
l.4UST 


.A 
.580 
.620 
'4.73 
15.75 2 
POSITIONS. 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 


.125 
.180 
3.1814.57 
HATCHEO 
AREA. 


N 
16 
16 
4 


S 
.044 
.056 
1.12 
1.42 
PACKAGE 
NUMBER: 
ZZ231 
REV.: 
E 
~ 
3 
JEOEC 
NUI.48ER: 
NONE 


Burr-Brown Ie Data Book-Linear 
Products r~m· 


Packaoe Number 23. 
~ .6-Lead 


I- 


A 
"I 
46 
24l 


B 


-\ 
U 
1 
'- 
PIN 
1 DESIGNATOR 
23 


MARKED 
ON 
BOTTOM 


I- 
P 
"I~ 
Llfl 
~I 
c 
I 
I 
lj~~nnn~nnnnt~ 
1r 
M~ 


LL 
-J 
L HJL FJI_ D 
STANDOFF 
SEATING 
PLANE 


INCHES 
MILLIMETERS " 
INCHES 
MILLIMETERS " 
NOTES, 
OIM 
I 
O'M 
0 


l,llN. 
MAX. 
t.4IN. 
M" 
MIN. 
MAX. 
MIN. 
I.4AX. ! -- 


A 
2.370 2.420 
60.20 
61.47 
1. 
LEADS 
IN 
TRUE 
POSITION 


1.560 
1.610 
39.62 40.89 
WITHIN 
0.01" 
(0.25mm) 
R 
AT 
B 
MMC 
AT 
SEATING 
PLANE 
C 
.205 
.251 
5.21 
fi.38 


D 
.015 
.021 
0.38 
0.53 


F 
.095 
105 
2.41 
2.67 


H 
.085 
.105 
2.16 
2.67 


K 
.155 
.185 
3.94 
4.70 


L 
1.290 
1.310 
32.77 
33.27 


M 
lIT 
- 
lIT 


N 
.045 
.055 
1.14 
1.40 


P 
2.190 
2.210 
55.63 
56.13 


PACKAGE 
NUMBER: 
ZZ234 
REV.: 
B 
,lEDEe 
NUMBER 
NONE 


Package Number 235 - 
1.~Lead sOle 
- 
(J) 


~D~ 
~-} 


C'Z 
14 
e 


~ 
"""Cr 


fHMolO 
(2s)@IB@! 
LL 


AREA 
P 
H 
DETAIL 
"A'" 
a: 
L 
c 
W 


1 
7 
C' 


~tx~E:.\,J6 
6 
olsd+ 
11''',~5', 
~ 


0 u u u 
C~jE=Q~t 
0 
SEATING 


~l-B 
~ 
+ 
~ 
~ 


PLANE -j0~ 
SEE 
Ic> 1.004(10) I 
DEl AIL 
..A" 


10$1.010 (25)@lcjA(0IB®I 


INCHES 
MILLlI.4ETERS ~ 


n-lCHEs 
MILLIMETERS ~ 


NOTES' 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
O'M 


M'" 
M" 
MIN 
""x. 


OIM 
l.lltl 
MAX. 
"'N 
M" 
,. 
DIMENSIONING 
AND 
TOLERANCING 
LOCATED 
WITHIN 
THE 
CROSS- 


A 
0532 .0688 
1.35 
1.75 
PER 
ANSI 
Y14.5M-1982 
HATCHED 
AREA 


AI 
.004 
.0098 
0,10 
0.25 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
5. 
L 
IS 
THE 
LENGTH 
OF 
TERMINAL 


B 
013 
.020 
0.33 
0.51 
7 
MOLD 
FLASH. 
PROTRUSIONS 
OR 
FOR 
SOLDERING 
TO 
A 
SUBSTRATE, 
GATE 
BURRS. 
MOLD 
FLASH, 
6 
N 
IS 
THE 
NUMBER 
OF 
TERMINAL 
C 
.0075 
.0098 
0.19 
0.25 
PROTRUSIONS 
AND 
GATE 
BURRS 
POSITIONS. 
D 
.3367 
.3444 
8.55 
8.75 
2 
SHALL 
NOT 
EXCEED 
006 
IN 
7. 
THE 
LEAD 
WIDTH 
B, 
AS 
t: 
.1497 
.1574 
3.80 
4.00 
3 
(0.15 
mm) 
PER 
SIDE . 
MEASUREO 
.014 
IN. 
(0.36 
mm) 
OR 
. 
.050 
BASIC 
1.27 
BASIC 
3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
GREATER 
ABOVE 
THE 
SEATING 
PLANE, 


H 
.2284 
.244 
5.80 
6,20 
INTER-LEAD 
FLASH 
OR 
SHALL 
NOT 
EXCEEO 
A 
MAXIMUM 
h 
,0099 
.0196 
0.25 
0.50 
4 
PROTRUSIONS. 
INTER-LEAD 
FLASH 
VALUE 
OF 
.024 
IN. 
(0.61 
mm), 


L 
.016 
.050 
0.40 
'-27 
AND 
PROTRUSIONS 
SHALL 
NOT 
e. 
LEAD TO 
LEAD COPLANARITY 
N 
14 
14 
EXCEED 
.010 
IN. 
(0,25 
mm) 
SHALL 
BE 
LESS 
THAN 
.004 
IN. 


<X 
O' 
8' 
O' 
8' 
PER 
SlOE. 
(0.10 
mm) 
FROM 
SEATING 
PLANE. 
4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
PACKAGE 
NUMBER 
ZZ235 
REV' 
E 
OPTIONAL. 
IF 
IT 
IS 
NOT 
PRESENT. 
JEDEC 
NUMBER: 
MS 
012 
A8 


IjRR-;ge 
aE$( 
Burr-Brown Ie Data Book-Linear 
Products 


b2--j r 
A2 


BASE:\ 
I 
I 
\~ 


PLANE ,-JUl 1 


1 
IUl±l1 i 


~~~~G 
-~~-~( 
I 
I 
t, 
L 


~/2 
LEAD 
-j I 
01- 
r 


4 
PL 
lJ3~ 
4 
PL 


b 
1"$"1010 
(25)@lcl 


U 
NOTES: 


E 
1. ALL 
DIMENSIONS 
ARE 
IN INCHES. 
2. 
DIMENSIONING AND TOLERANCING 
PER 


ANSI Y14.5M-1982. 


3. 
DIMENSIONS 
A, A 1, AND 
l 
ARE 


I.4EASURED 
WITH 
THE 
PACKAGE 
SEATED 
IN JEDEC 
SEATING PLANE GAUGE GS-3. 
4. 
D, 
01, 
AND E 1 DIMENSIONS 
DO NOT 


INCLUDE 
MOLD FLASH OR PROTRUSIONS 
MOLD fLASH 
OR PROTRUSIONS 
SHALL 


NOT EXCEED .010 
(O.25mm). 


5. 
E AND eA MEASUREDWITH THE lEADS 
CONSTRAINED TO BE 
PERPENDICULAR 
TO OATUM~ 
6. 
eB 
AND eC 
ARE MEASURED AT THE 


LEAD TIPS WITH THE LEADS 
UNCONSTRAINED. 


7. 
N IS THE MAXIMUM OF TERMINAL 
POSI1lONS. 


ir=E;1 


~ 


~I 
,C b-~J.-c 


,S ----.:j 


MILLIMETERS 
V 


MIN. 
MAX. 
( 
3 
3 


MILLIMETERS 


t.lIN. I MAX. 


0.001 
1.52 
6 


2.921 
3.81 
.3 


8 
7 


8. 
POINTED OR ROUNDED 
LEAD TIPS ARE 
PREFERRED 
TO 
EASE 
INSERTION. 
9. 
b2 
AND 
b3 
MAXIMUM 
DIMENSIONS 
DO 


NOT INCLUDE 
DAMBAR PROTRUSIONS. 


DAA4BAR PROTRUSIONS 
SHALL 
NOT 
EXCEEO .010 
(O.25mm). 


10. 
DISTANCE BETWEEN LEADS 
INCLUDING 
DAMBAR PROTRUSIONS 
TO BE 


.005 
(O.13mm) 
MINIMUM. 


11. 
A VISUAL 
INDEX 
FEATURE MUST BE 
LOCATED WITHIN THE CROSS-HATCHED 
AREA. 
12. 
F"OR AUTOMATIC INSERTION, 
AtoN 
RAJSED IRREGUlARITY 
ON THE TOP 
SURFACE 
(STEP, 
MESA, ETC.) 
SHAll 
BE SYMMETRICAl 
ABOUT THE 
LATERAl 
AND 
LONGITUDINAL. PACKAGE CENTERUNES. 


PACKAGE NUl-48ER: 
1123B 
I REV.: 
0 
JEDEC 
NUMBER: 
1.4$ 001 
B8 
WITH THE EXCEPTION 
OF -I'(' 


A 
.210 


A1 
.015 
-- 


A2 
.115 
.195 
b 
.014 
.022 
b2 
.045 
.070 
b3 
.030 
.045 
c 
.008 
.014 
o 
.735 
.775 
01 
.005 
E 
.300 
.325 
El 
.240 
.280 


e 
.100 
BASIC 
eA 
.300 
BASIC 
eB 
- 
.430 


"" 
"'N 
"" 
,C 
.000 
.060 


L 
.115 
.150 


N 
0.38 
2.92 
4.95 
0.36 
0.56 
1.14 
1.78 
9 
0.76 
1.14 
9 


0.20 
0.36 
18.6721.34 
4 


0.13 
4 
7.62 
8.26 5 
6.10 
7.11 
4 


2.54 
BASIC 
7.63 
BASIC 
5 


-- 
10.92 
6 


package Number 23D ~ 24~Le.d SOle 


b"4=r-rr 
%~ 


M 
M 
11 
R R 
1 
14flolo(.25)@ls@I 


~~~x~ 


E 
H 
DETAIL" 
P;' 


~ 
~ ~ ~~ ~~ ~~ ~~ ~. 


1 
12 
Al 
1r- 


h 
x 
45' 


~'~u 
U U U U U U uul~ 
6:~1 
CLeOf 


SEATING- 
'- 
~ 
+ 
.- 
- 
- 
::ZSEE 
PLANE 
0 
--H--s 
101004(.10)1 
DETAIL" 
A" 


[WI 
010 
(.25)@ICIA@ls®l 


~ 


1.41llll.4ETERS ~ 


NOTES: 
A 
VISUAL 
INDEX 
FEATURE 
MUST 
BE 
INCHES 
l,llLUMETERS 
IN<..:HE!.i 


LOCATED 
WITHIN 
THE 
CROSS- 
~" 
lo(lN. 
w.x 
"'N 
"AX 
~" 
MIN. 
....X 
~IN. 
"AX 
1. 
DIMENSIONING 
AND 
TOLERANCING 
HATCHED 
AREA. 
A 
.0926 
.1043 
2.35 
2.65 
PER 
ANSI 
Y14.SM-1982. 
5. 
L 
IS 
THE 
LENGTH 
OF 
TERMINAL 
Al 
.004 
.0118 
0.10 
0.30 
2. 
DIMENSION 
0 
DOES 
NOT 
INCLUDE 
fOR 
SOLDERING 
TO 
A 
SUSSTRATE. 


MOLD 
fLASH, 
PROTRUSIONS 
OR 
S 
.013 
.020 
0.33 
0.51 
7 
CATE 
BURRS 
MOLD 
FLASH, 
6. 
N 
IS 
THE 
NUMBER 
OF 
TERMiNAl 
C 
.0091 
.0125 
0.23 
0.32 
PROTRUSIONS 
AND 
GATE 
SURRS 
POSITIONS. 
7. 
THE 
LEAD 
WIDTH 
8, 
AS 
0 
5985 
.6141 
15.20 
15.GO 
SHALL 
NOT 
EXCEED 
.006 
IN. 
MEASURED 
.014 
IN. 
(0.36 
mm) 
OR 
E 
.2914 
.2992 
7.40 
7.60 
(0.15 
mm) 
PER 
SIDE . 
GREATER 
ASOVE 
THE 
SEATING 
. 
.050 
BASIC 
1.27 
BASIC 
3. 
DIMENSION 
E 
DOES 
NOT 
INCLUDE 
PLANE, 
$HALL 
NOT 
EXCEED 
A 
H 
.394 
1.419 
10.00 
10.65 
INTER-LEAD 
FLASH 
OR 
MAXIMUM 
VALUE 
OF 
.024 
IN. 


h 
.010 
1.0?95 
a.?' 
0.75 
PROTRUSIONS. 
INTER-LEAD 
fLASH 
(0.61 
mm). 
L 
.01G 
1.050 
0.40 
1.27 
AND 
PROTRUSIONS 
SHALL 
NOT 
8. 
LEAD 
TO 
LEAD 
COPlANARITY 
SHALL 
N 
24 
24 
r, 
EXCEED 
.0 10 
IN. 
(0.25 
mm) 
~~O~E~~ETHSAE~TI~g4 
pl~AN~?' 
10 
mm) 
'" 
rJ 
8' 
rJ 
1 
B- 
PER 
SIDE. 
1 
4. 
THE 
CHAMFER 
ON 
THE 
BODY 
IS 
PACKAGE NUMBER· 
22239 
REV.: 
E 


I 
OPTIONAL. 
IF 
IT IS 
NOT 
PRESENT, 
JEOEC 
NUMBER: 
MS 
013 
AD 
BURR-m· 
Burr-Brown Ie Data Book-Linear 
Products Il13s 


+- 
ED 
"F 
F ---1 I- 
P ::j 
r- 
r---1 
TT---~:1---- 
[I 
ET 


L 1 
L1 
1El 
) 
I 
( 
! 
~ 
! 
J 
~I~~~~~ 
L 
'I ~<l-+ 
.025 
R~ 
'---- 


REF 
~t-""" 
B---1t- 
03 
0 


14H024(O.61)@!zl 
C--:--- 


11 
PL. 
j 
REF. 
lifl.OlO(025)iBlIzIx 
1iOf!Iijj 
e2 - 


11 
PL. 
- 


01 


0'" 


INCHES 
MILLIMETERS 
1 0'" 


INCHES 
l.lllllMETERS 
1 


NOTES: 


MIN. 
""'. 
"'N 
MAX. 
t.llN. 
MAX. 
MIN. 
MAX. 
-- 


A 
.172 
.182 
4.37 
4.62 
N 
11 
11 
3 
1. 
DIMENSIONING 
AND 
TOlERANCING 
S 
.035 
.041 
0.89 
1.04 
P 
.148 
.152 
376 
3.86 
PER 
ANSI 
Y14.5-1982. 


C 
.014 
.024 
0.36 
0.61 
RI 
.065 
.080 
1.65 
2.03 
2 
CONTROLLING 
DIMENSION' 
INCH. 
D 
.778 
.798 
19.76 20.27 


E 
.684 
.694 
17.37 
17.63 
3. 
N 
IS 
THE 
MAXIMUM 
QUANTITY 


E1 
.416 
426 
10,57 
10.82 
OF LEAD 
POSITIONS 


E2 
.110 
BASIC 
279 
BASIC 
e 
067 
BASIC 
, .70 
BASIC 


el 
.200 
BASIC 
S.08 
BASIC 


e2 
.169 
BASIC 
4.29 
BASIC 
e3 
.670 
BASIC 
17.02 
BASIC 
F 
.057 
.063 
1.45 
I 1.60 


L 
.150 
.176 
3.81 
I 4.47 
PACKAGE 
NUMBER 
Z2242 
REV.: 
C 
L1 
.690 
710 
, 7.53 
1803 
JEDEC 
NUMBER: 
MQ 
48 
M 


I" 
D 
'I 
24 
13 
~~",{::::::::::: 
IJ 


INCHES 
MilLIMETERS 
N 
INCHES 
MilLIMETERS 
N 
NOTES: 
8 
POINTED OR 
ROUNDED 
LEAD TIPS ARE 
9 
! 
0'" 
MIN. 
MAX. 
MIN. 
MAX. 
[ 
0'" 
"'N 
"AX 
"'N 
"AX 
[ 
1. ALL 
DIMENSIONS 
ARE IN INCHES 
PREFERRED 
TO EASE INSERTION. 


A 
.210 
-- 
5.33 
3 
L 
.115 
.150 
2.92 
3.81 
3 
2. 
DIMENSIONING AND 
TOLERANCING PER 
9. 
b2 
MAXIMUM 
DIMENSION 
DOES 
ANSI YI4.5M-l!182. 
NOT INCLUDE 
DAMBAR 
PROTRUSiONS 
Al 
015 
-- 
0.38 
-- 
3 
N 
24 
24 
7 
3. 
DIMENSIONS 
A, A1. 
AND L ARE 
DAMBAR PROTRUSIONS 
SHALL 
NOT 
A2 
115 
.195 
2.92 
45J5 
MEASURED WITH THE 
PACKAGE SEATED 
EXCEED 
.010 
(0.25mm). 


b 
014 
022 
0.36 
0.56 
IN JEDEC 
SEATING PLANE 
GAUGE GS-3 
10. 
DISTANCE BETWEEN LEADS 
INCLUDING 


b2 
.045 
.(HO 
1.14 
1.78 
0 
4. 
D. 
Dl, 
AND 
El 
DIMENSIONS 
DO NOT 
DAMBAR PROTRUSIONS 
TO BE 
INCLUDE 
MOLD FLASH DR 
PROTRUSIONS 
.005 
(O.lJrnm) 
MINIMUM. 
C 
.008 
.014 
0.20 
0.36 
MOLD FLASH OR PROTRUSIONS 
SHALL 
11. 
A VISUAL 
INDEX 
FEATURE MUST BE 
D 
1.230 
1.280 
31.24 
32.51 
4 
NOT EXCEED 
.010 
(O.25mm). 
LOCATED WITHIN THE CROSS-HATCHED 
AREA. 
01 
.005 
0.13 
- 
4 
5 
E AND 
eA MEASURED 
WITH THE LEADS 
12. 
toR 
AUTOMATIC INSERTION, 
ANY 


E 
.300 
,325 
7.62 
8.26 
5 
CONSTRAINED TO BE 
PERPENDICULAR 
RAISED IRREGULARITY ON THE TOP 


El 
.240 
280 
610 
7.11 
4 
TO OATUM~ 
SURFACE 
(STEP, 
MESA, ETC.) 
SHALL 
- 
6. 
nB 
AND "C ARE MEASIJRED AT TH( 
RF ';YMMFTRII".:Al- AROt.lT n·H; LATERAL 
e 
.lOa 
BASIC 
254 
BASIC 
LEAD TIPS WITH THE 
LEADS 
AND 
LONGITUDINAL 
PACKAGE 
oA 
.300 
BASIC 
7.62 
BASIC 
5 
UNCONSTRAJNED 
CENT£RlINES 


eS 
.430 
10.92 
6 
7. 
N IS THE MAXIMUM OF TERMINAL 
PACKACE 
NUMBER: 
22243 
REV.: 
D 
eC 
.000 
.060 
0.00 
1.52 
6 
POSITIONS. 
JEDEC 
NUMBER: 
MS 
001 
AF 


ri§im 


e 
Burr-Brown Ie Data Book-Linear 
Products 


I;·~~:: 


1 
I. 


U2--j r 


BASE 
{ 
I I 


PLANE,-U· 
J1 1 


~~~'~G1 
1 
- 
1 
(; 
YV 


~)2 
LEAD 
JL 
4 
PL 
b3 


4 PL 
b 
1"$"!.010(25)@ICI 


IoAILLlMETERS 
U 
DIU 
••••'NC."'I:.... 
"""Nl.",~~"S. 
IN 
NOTES: 


l.lIN. 
lAAX. 
t 
••.•.•••.... 
__ 
1. All 
OIt.lENSIONS 
ARE 
IN 
INCHES. 


__ 
5.33.3 
eB 
I 
.430 
- 
110.92 
6 
2. ~~~fNy~I~~~~l~~. 
TOlERANCING 
PER 


0.38 
- 
.3 
eC 
000 
I .060 
0.00 
I 1.52 
6 
J. 
DIMENSIONS A, A1. AND L ARE 


2.92 
4.95 
l 
.115 
I .'50 
2.92 I 3.81.3 
MEASURED WITH THE PACKAGE SEATED 
0.36 
0.56 
N 
12 
12 
7 
IN JEOEC SEATING PLANE GAUGE GS-3. 


1.14 
1.78 
9 
4. 
O. 01, 
AND El 
OIt.4(NSIONS 00 
NOT 


0.76 
1.14 
9 
~g~riD~LA~~~:~~~~SI~~~T~~~~NS. 


0.20 
0.36 
NOT EXCEED .0lD 
(O.25mm). 
9.4 
30.3 
4 
5. 
E AND eA MEASURED WITH THE lEADS 


0.13 
- - 
4 
;g~~f~~N~ 
. BE PERPENDICULAR 


16.00 
16.M 
6. 
eB AND eG ARE MEASURED AT THE 


7.62 
8.26 
5 
lEAD TIPS WITH THE lEADS UNCONSTRAINED. 
6.10 
7.11 
4 
7. 
N 1$ THE t.4AXIt.4UMOF TERMINAL POSITIONS. PACKACE 
NUMBER: 
22243-1 
REV.: 
J 
? "4 
ASI 
B. POINTED OR ROUNDED lEAD 
TIPS ARE 
JEDEC 
NUMBER: 
MS-001-BE 
PREfERRED 
TO EASE INSERTION. 
WITH THE 
EXCEPTION 
OF' "N'" 


-I 
13 
:: :IJ 
_I 
12 


9. 
b2 
AND bJ 
MAXIMUM DIMENSIONS DO 


NOT INCLUDE QAME!AR PRomUSIONS. 
DAMBAR PROTRUSIONS SHAlL 
NOT 
EXCEED .010 
(O.25mm). 
10. 
DISTANCE BETWEEN LEADS INCLUDING 
DAl.4BAA PROTRUSIONS TO BE 
.005 
(0.13mm) 
MINIMUM. 
11. A VISUAL INDEX fEATURE 
UUST BE 
LOCATED WITHIN THE CROSS-HATCHED 
AREA. 


12. 
fOR 
AUTOMATIC INSERTION, ANY 


RAiSED IRREGULARITY ON THE TOP 
SURFACE (STEP, MESA. ETC.) SHAll 
BE SYMMETRICAL.ABOUT THE LATERAl 
AND LONGITUDiNAl 
PACKAGE 


CENTERUNES. 


A 
AI 
.015 
.115 
.195 
b 
.014 
.022 


b2 
.045 
.070 


bJ 
.030 
.045 


c 
.008 
.014 
o 
1.160 
1.1910, 


01 
00' 
-- 
0' 
.630 
.655 


£ 
.300 
.325 


El 
740 
.280 


e 
.1nn 
A :1(" 


I'2'~~~:::: 


b2--j r 


BASE 
I 
I I 


PLANE~ IgV Jl 1 


~~~'~G £- -¥ ~ ~ 


?)2 
LEAD 
JL 
4 Pl 
bJ 


• PL 
b 
1"$1010(25)@ICI 


N~ 
1 
MILLIMETER!; 
INCHES 
Ulllll.4ElERS 
m" 
WIN 
lAAX. 
WIN. 
UAX. 


A2 
ir=E;1 


rUU1mp m 
ir " 
L 
' 
I 
U 
Al 
--0- 
+ 
~~ 
I 
eC 
.111 
c 
eB~ 


INCHES 


lAIN. 
1olAX. 


A 
-- 
.210 
-- 


Al 
.015 
- 
0.38 
A2 
.115 
.195 
2.92 
b 
.014 
.022 
0."~6 


b2 
.045 
.070 
1.14 


b3 
.030 
.045 
0.76 


c 
.008 
.014 
0.20 


01.1601.19529.46 
01 
.005 
- 
0.13 
E 
.300 
.325 
7.62 
El 
740 
780 
6.10 
e 
.1 DO BASIC 
2.54 
BASIC 


eA 
.Joo 
BASIC 
7.62 
BASIC 
5 
eB 
- 
.430 
10.92 
6 


4.95 
0.56 
1.78 
9 


1 14 
9 
0.36 
30.35 • 
-- • 
8.26 
S 


7.11 • 


.060 
0.00 
1.52 
.150 
2.92 
3.81 
16 


NOTES: 
9. 
b2 
AND b3 
MAXIUUIl4 DIMENSIONS 00 
1. All 
OU.4ENSIONSARE IN INCHES. 
NOT INCLUDE DAMBAR PROTRUSIONS 
2. 
DIMENSIONING AND TOlERANC1NG PER 
OAMBAR PROTRUSIONS SHAlL 
NOT 
6 
ANSI YI4.5M-1982. 
EXCEED .0lD 
(0.25mm) 
. 


.3 3. 
DIMENSIONS A, AI, 
AND L ARE 
10. 
DiSTANCE BETWEEN LEADS INCLUDING 
7 
MEASURED WITH THE PACKAGE SEArED 
DAMBAR PROTRUSIONS TO BE 
IN JEDEC SEATING PlANE 
GAUGE GS-J. 
.005 
(O.13mm) 
MINIMUM. 
4. 
D, 01, 
AND EI 
DIMENSIONS DO NOT 
11. A VISUAl 
INDEX FEATURE MUST BE 
INCLUDE 1l40LO FLASH OR PROTRUSIONS. 
lOCATED WITHIN THE CROSS-HATCHED 


1l40LD FLASH OR PROTRUSIONS SHAll 
AREA 
NOT EXCEED .010 
(D.25mm). 
12. 
FOR AUTOMATIC INSERTION, ANY 
5. 
E AND eA MEASURED WITH THE lEADS 
RAISED IRREGULARITY ON THE TOP 


CONSTRAINED TO BE PERPENDICULAR 
SURFACE (STEP, 
MESA. ETC.) SHAll 


TO DATUM ~ 
. 
BE SYMMETRICAL ABOUT THE LATERAL 


6 
eB AND eC ARE MEASURED AT THE 
AND lONGITUDINAL 
PACKAGE 
lEAD 
TIPS WITH THE lEADS 
UNCONSTRAINED. 
CENT[RUNES 


7. 
N IS THE MAXIt.AUMOF TERMINAL POSITIONS. PACKAGE 
NUMBER: 
22243-2 
REV.: 
C 
8. 
POINTED OR ROUNDED LEAD TIPS ARE 
.JEDEC NUMBER: 
MS-001 
BE 
PREFERRED TO EASE INSERnON. 
WITH THE 
EXCEPTION 
OF ••111" 


MAX. 
5.33 3 
eC 
- 
3 
l 
N 
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Package 
Number 
260 
- 
8-Pln 
PI•• tlc r-A---j 
II 
OJ 


" 
~11 
q 
I 


~K 


~ 
II 
L 


, 
F H --II--H 


~L~ 
----j G r-- 


INCHES 
MILLIMETERS 
~ D'" 


INCHES 
MILLlt.4[TERS 
~ 


NOTES, 


D'" 
MIN. 
""". 
"'N 
""". 
~IN. 
MAX. 
"'N 
MAX. 
-- 


A 
.620 
640 
15.78 
1G.26 
8 
.465 
.485 
11.81 
12.32 


C 
.350 
370 
8.89 
9.40 
F 
.165 
.185 
4.19 
4.70 


G 
.100 
BASIC 
2.54 
BASIC 


H 
.025 
SQ. 
.635 
SO, 
K 
.465 
.490 
11.81 
12.45 


L 
.280 
300 
7,11 
7.62 


PACKAGE NUMBER: 
ZZ250 
REV.; 
8 
JEDEC 
NUMBER: 
NONE 


Package 
Number 
258 
- 
18-L.ad 
SOle 
'. 
- 
Cf) 
E/l~~ 
lr 


J 
CJz 
~l 
~ 
0 
t 
a: 


B 
L 
0 


CD 
~ 
,J 
w 
CJ 


If ~ ~ ~ ~ ~ lf1f 


~ 
-----.1 


z 
0 
fiiiiiiiiiiiJt-J 
c 
~ 
J ~H 
--J l-G Jcn 


INCHES 
MILlIt.4ETER5 
H 
INCHES 
t.4ILLlt.4ETERS 
N 
NOTES, 
D'" 
"'N 
t,lAX. 
"'N 
t,lAX. 
! D'" 
"'N 
"AX 
I.lIN. 
M~X. 
f 


A 
.400 
.415 
10.16 
10.54 


Al 
..395 
.400 
10.03 
10.16 
8 
.205 
.214 
5.21 
5.44 


C 
.090 
2.29 
0 
.012 
.020 
0 ..30 
0.51 


G 
.044 
.055 
1.12 
1.40 


H 
.020 
.031 
0.51 
0.79 


J 
005 
.00B 
0.13 
0.20 


L 
.300 
.324 
7.62 
8.23 
N 
.004 
.008 
0.10 
0.20 


2 
.012 
.036 
0.30 
0.1J1 


PACKAGE NUMBER: 
22258 
I REV., 
8 
JEDEC 
NUMBER: 
NONE 
r~m·Burr-Brown Ie Data Book-Linear 
Products 


Package 
Number 
311 - 
4-Lead 
SOT 
1,:FR' 
~'T~' 
't 
~u 
JLs 


~J 
6J 
't 
-i 
~-+ 


Al T 
I --.j II--Bl1 
j 
92 
r 
l-el-----J 
El 


INCHES 
UllLlt.lETERS 
N 
INCHES 
UILlIMETERS 
~ 


NOTES, 
0'" 
WIN. 
l,.4AX. 
IolIN. 
w.x. r 
0'" 
"'N 
""X. 
toliN. 
""X 


A 
060 
.067 
1.50 
1.70 
0' 
,er 
16' 
10" 
16' 


A' 
0008 
.004 
0.02 
0.10 
02 
10' 
'6' 
'0' 
'6' 


B 
.116 
.124 
2.95 
3.15 


B' 
.026 
.033 
0.66 
0.73 
C 
010 
.014 
0.25 
0.35 
0 
.248 
.264 
6.30 
6.70 


E 
.130 
.146 
3.30 
3.70 


El 
.012 
MIN. 
0.30 
MIN. 


e 
0905 
NOfJ. 
2.30 
NOM. 
e' 
.181 
NOM. 
4.60 
NOM. 


H 
.264 
.287 
6.70 
I 7.30 
S 
.033 
.041 
0.85 
t 
1.05 
t 
043 
.051 
1.10 1 1.30 
PACKAGE NUMBER: 
ZZ311 
REV., 
A 


& 
10" MAX. 
10" MAX. 
JEDEC 
NUMBER. 
NONE 


Packag. 
Numb.r 
315 
- TO-220. 
5"L.ad 


bLrr~3~ 
F1'~ 
fl 
) 


, t 
rt\ 
"-K 


E 
if 
I 
~ 


[-PIN J 
I 
"--- .p 
cll 
H----~ 


~~ 
0= 
Qbh 
o-W 
flF 


"'" 


INCH[S 
l,.41LUUETERS 
~ "'" 


INCHES 
MlLLIUETERS 
~ 


NOTES, 


WIN. 
MAX. 
WIN. 
""" 
"'N. 
W.X. 
"". 
W.X. 
-- 


A 
.160 
.190 
4.06 
4.83 
c< 
S 
T 
3' 
T 
b 
.025 
.040 
0.63 
1.02 
C, 
.014 
,022 
0 ..16 
0.56 
0 
.560 
.590 
14.22 
14.99 


E 
.385 
.415 
9.78 
10.54 


e 
.062 
.072 
1.57 
1.83 
e' 
.263 
.273 
6.68 
6.93 
e3 
.030 
.040 
0.76 
1.02 


F 
.045 
.055 
1.14 
1.40 


Hl 
4 
'" 
'i ~4 
65'" 


J, 
.090 
.115 
2.29 
2.92 


.P 
.146 
.156 
3.71 
3.96 
a 
.103 
.113 
2.62 
2.87 
PACKAGE 
NUMBER: 
ZZ3'S 
REV.: 
B 
L 
.540 
.560 
13.72 
14.22 
JEOEC 
Nut,mER: 
NONE 
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Paekage Number 321 • S·Pln Tranlparent 
Pia. tie 
SIP 


-I±J~. 
& 
~Eill ~ 
_ I; 
PHOTODIDDE 
sr- 
P 
AREA 
, 
+ 
Ii 


+ 
~+~ 
TIl 
1 -; 
, 
~"","~ 
'f--=- ~ ' 
~ 


SURFACE 
~ 
A 
'"", 
' 
'-+ 
- L- 


B:::AJ 
~I, 
- - 
A1 
=;1~~t l-r , 
PlANE 
I 
I 
t 


D1 
I-- 
- 
[!]- 
-H-c 


B1 


B-~ 


1"$"101(25)@ITIA2ID®! 


INCHES 
MILLIMETERS 
9 
INCHES 
MILUtr.4ETERS ~ 


NOTES, 
01" 
t.lIN. 
"AX 
"'N 
"AX 
E 
D'" 
t.lIN. 
t.AAX. 
t.AIN. 
t.AAX. 
1. 
CONTROLLING 
DIMENSION' 
INCH 
5. 
N 
IS 
THE 
MAXIMUM 
NUMBER 
OF 


A 
-- 
.360 
-- 
9.14 
3 
R 
.036 
.056 
0.89 
1.42 
IN 
CASE 
OF 
CONFLICT 
BETWEEN 
TERMINAL 
POSITIONS. 


A1 
.070 
-- 
1.78 
, 
S 
.036 
D43 
0.91 
1.09 
THE 
ENGLISH 
AND 
METRIC 
6. 
CENTER 
OF 
PHOTODIODE 
MUST 


A2 
.120 
.135 
3.05 
3.43 
T 
55 
8.5' 
55 
8.5' 


DIMENSIONS, 
THE 
INCH 
BE 
WITHIN 
.0'" 
or 
CENTER 
OF 
DIMENSIONS 
CONTROL. 


B 
.014 
.022 
0.35 
0.56 
PHOTODIODE 
AREA. 
2. 
OIMENSIONING 
AND 
TOLERANCING 
& 
DIMENSIONS 
REFERENCED 
B1 
.040 
.050 
1.02 
1.27 
PER 
ANSI 
Y14.5M-1982. 


C 
.008 
.012 
0.20 
0.30 
3. 
DIMENSIONS 
A, 
A 1. AND 
l 
ARE 
CORRELATE 
TO A 
PHOTODIODE 


D 
.360 
.390 
9.14 
9.91 
4 
MEASUREO 
WITH 
THE 
PACKAGE 
SIZE 
.090 
x 
.090 
INCH. 


01 
.005 
-- 
0.13 
SEATED 
IN 
JEDEC 
SEATING 
8. 
A 
VISUAL 
INDEX 
FEATURE 
MUST 


E1 
.238 
.275 
6.05 
6.99 
4 
PLANE 
GAUGE 
GS-3. 
BE 
LOCATED 
WITHIN 
THE 
CROSS- 


.075 
BASIC 
1 91 
BASIC 
4 . 
D AND 
E 1 
DIMENSIONS 
FOR 
HATCHED 
AREA. 


0 
PlASTIC 
PACKAGES 
DO 
NOT 
F 
.015 
.D35 
0.38 
0.89 
INCLUDE 
MOLD 
FLASH 
OR 
L 
.140 
.180 
3.56 
4.57 
3 
PROTRUSIONS. 
MOLD 
FLASH 
N 
S 
5 
5 
OR 
PROTRUSIONS 
SHAll 
NOT 
PACKAGE 
NUMBER: 
ZZ321 
REV.: 
E 


P 
.086 
.112 
2.18 
2.84 
EXCEED 
.010 
INCH 
(0.25mm). 
JEDEC 
NUMBER: 
NONE 


Paekage Number 323 • T0220, 
5-L•• d ZIP 
- 


~~;;- 


H11--1 
1:=0 
CJ) 
CJ 
11 
Z 


e1 
1 
T ~~ 


~ 
i 


eJ- 
a: 


LE-P1N 
L-¢, 
,J 
0 
II 


M 


- 


W 
ell 
P~ 
CJ 


1 LO 
,T/:;;) 
<t 


~ 
L¢ 


N 
T 
\ 
0 
Lt 


~ 
I 
j 
1 


~ 
I 


1---- D ---.L-I 
ITF 


D'. 
INCHES 
l,4ILLlt.AETERS M 
0'" 
INCHES 
MILLlt.AET(RS ~ 


NOTES, 


MIN. 
MAX. 
tr.4111. MAX. 
! 
1,IIN. 
MAX. 
'''IN. 
"AX. 
-- 


A 
.160 
.190 
4.06 
4.83 
M 
.400 
.420 
10.16 
10.67 


b 
.025 
.040 
0.f,3 
1.02 
N 
.314 
.326 
7.98 
8.28 
C1 
.014 
D22 
0.36 
0.56 
0 
.160 
.170 
4.06 
4.32 


0 
.560 
.590 
14.22 
14.99 
P 
.250 
.270 
6.35 
6.86 
E 
385 
4.1:- 
9.78 
1054 
0 
.057 
.077 
1.57 
1.83 


01 
.263 
.273 
fo.68 
6.93 


03 
.030 
.040 
0.76 
\.02 


F 
.045 
.055 
1.14 
1.40 


H1 
.234 
258 
5.~4 
6.55 
- 
~" 
.1<0 
.1'0 
,. 
1."0 


.103 
.113 
2.62 
2.87 


L 
.525 
.545 
13.33 
1.1.84 
PACKAGE 
NUMBER: 
ZZ323 
REV., 
C 


0( 
3' 
T 
3' 
T 
JEDEC 
NUMBER: 
NONE 
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PAK 


~E- 
~00061 
r-~-i r L2 
-j 
C2 


TI1-~f 


J 
I' 
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INCHES 
lo4ILU,",ETERS 
~ 


IN(;H(S 
MILLIMETERS 


N 
NOTES, 


"'" 
WIN. 
"AX 
t.lIN. 
1oIA'. 
"'" 
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1oIAX. 
.'N 
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1. 
DIMENSIONING 
AND 
TOLERANCING 
5. 
"N" 
IS 
THE 
NUMBER 
OF 
TERIAINAL 
A 
.170 
.183 
4.32 
4.65 
PER 
ANSI 
Y14, 
5M-1982 
. 
POSITIONS. 
Al 
.000 
.004 
0.00 
0.10 


b 
.026 
.037 
0.66 
0.94 
2. 
DIMENSION 
b 
AND 
c 
APPLY 
TO 
THE 
PLATED 
LEAD. 
C2 
.045 
.055 
1.14 
140 
c 
.014 
.026 
0.36 
0.66 
3. 
LEADS 
ARE 
NOT 
AlLOWEO 
ABOVE 


D 
.310 
.350 
7.87 
8.89 
THE 
DATUM 
-B-. 


E 
.385 
.410 
9.78 
10,41 
STANO-OFF 
HEIGHT 
IS 
MEASURED 


FROM 
LEAD 
TIP 
WITH 
REFERENCE 
TO 
El 
.297 
.303 
7.54 
7.70 
DATUM 
-B- 
. 


e 
.067 
REF' 
1.70 
REF 
4. 
DIMENSION 
"b" 
DOES 
NOT 
INCLUDE 
L 
.595 
.605 
15.11 
15.37 
DAMBAR 
PROTRUSION. 
AlLOWABLE 
L1 
.096 
.104 
2.44 
2.64 
DAM BAR 
PROTRUSION 
SHALL 
NOT 
L2 
.0585 
.0625 
1.485 
1.587 
CAUSE 
THE 
LEAD 
WIDTH 
TO 
EXCEED 
PACKAGE 
NUMBER: 
ZZ325 
REV.' 
C 
N 
5 
5 
THE 
MAXIMUM 
•. b" 
BY 
MORE 
THAN 
JEDEC 
NUMBER: 
MO-169 


R 
17 
.019 
0.4 
.D03". 
WITH 
THE 
EXCEPTION 
OF 
DIM. 
O,L.L 1.L2 
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IIN. 
"AX. 
WIN. 
I •.•"x. ! 
MIN. 
t.t.AX. 
WIN. 
"AX. 
! -- 


A 
2.220 
2246 
56.39157.05 
B 
0.418 
0.428 
10.62110.87 


C 
.29510:125 
749 
I B.26 


0 
0.050 
TYPICAL 
1.27 
TYPICAL 


E 
0.190 
I 0.200 
4.B3 
5.08 


F 
1.500 
TYPICAL 
8.10 
TYPICA 


G 
0.183 
0.193 
4.65 
4.90 
H 
0.100 
TYPICAL 
2.54 
TYPICAL 


J 
0.100 
TYPI(':A1 
? C;4 TYPICA 


K 
TYP 
1 
TYPI 
'" 


L 
Q.Olb 
0.020 
0.41 
0.51 


M 
O.()()Blo.' 
1 
0.20 
0.30 


I. 
OORO' 
2.03 
- 
PACKAGE 
NUMBER; 
ZZ326 
REV.: 
B 
JEDEC 
NUMBER, 
NONE 
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MIN. 
MAX. 
MIN. 
MAX. 
[ 
t.AIN. 
MAX. 
MIN. 
><AX 
-- 


A 
1.506 
1.512 
38.24 
38.40 


8 
0806 
0.812 
20.46 
20.62 


C 
O.<,<.R 
0"74 
1442 
1458 


D 
.103 
.109 
' .6' 
2.78 


E 
0103 
0109 
?fi? 
.78 
r 
1'7 
'71 
,'5 
,'5 


G 
06 
BASIC 
15.24 
BASK: 


H 
0.1 
BASIC 
54 
8ASrc 
,j 
O.025TY'P. 
01"4 
TYP. 


K 
,n, 
,n7 2 .••.•7 
2.73 
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1 
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G 
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MilLIMETERS 
INCHES 


DIM 
TYP 
TYP 


A 
40.00 
1.58 


B 
22.00 
0.87 


C 
22.60 
0.89 


D 
2.54 
0.10 


E 
3.49 
0.14 


F 
0.58 
.023 


G 
0.25 
.011 


H 
3.38 
0.13 
J 
15.24 
0.60 


K 
3.81 
0.15 


l 
20.00 
0.79 


M 
11.30 
0.44 


N 
6.00 
0.24 


P 
0.60 
0.024 


INCHES 
MilLIMETERS 


DIM 
MIN 
1 MAX 
MIN I MAX 


A 
2.505 
63.63 


B 
.681 
17.30 


C 
1.306 
33.17 


D 
.024 
0.60 


E 
.202 
5.14 


F 
.200 
5.08 


G 
1.302 
33.08 


H 
.203 
5.15 


I 
.153 
3.885 
J 
.153 
3.885 


K 
1.000 
25.40 


l 
.256 
6.50 
M 
.700 
17.78 


N 
.200 
5.08 
0 
1.300 
33.02 


P 
.025 
0.64 


Q 
.025 
0.64 


INCHES 
MilLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
2.220 
2.246 
56.39 
I 57.05 


B 
.415 
.463 
10.54 
111.76 


C 
.295 
.325 
7.49 
1 8.26 


D 
.050 TYPICAL 
1.27 TYPICAL 


E 
.195 TYPICAL 
4.95 TYPICAL 


F 
1.500 TYPICAL 
38.10 TYPICAL 


G 
.188 TYPICAL 
4.78 TYPICAL 


H 
.100 TYPICAL 
2.54 TYPICAL 


J 
.100 TYPICAL 
2.54 TYPICAL 


K 
.125 TYPICAL 
3.18 TYPICAL 


l 
.018 TYPICAL 
0.46 TYPICAL 


M 
.010 TYPICAL 
0.25 TYPICAL 


N 
.080 
- 
2.03 
1 
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